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stating present employment must appear the first page the paper. 


Mathematics are recomposed from the copy that submitted. Because 
this, necessary that letters drawn and that special symbols 
properly identified. The letter symbols used should defined where they first 


appear, the illustrations the text, and arranged alphabetically 
Appendix. 


Tables should typed (an original ribbon copy and two duplicate 
copies) one side paper. Specific illustrations and 
explanation must made the text for each table. 


paper. Because illustrations will reproduced with width between 3-inches 
and the lettering must large enough legible this width. 
Photographs should submitted glossy prints. Explanations and descriptions 
must made within the text for each illustration. 


The desirable average length paper about 12,000 words and the 
absolute maximum 18,000 words. approximation, each fuli page typed 
text, table, illustration the equivalent 300 words. 


Technical papers intended for publication must written the third 
person. 


10. The author should distinguish between list “Reading 
and “Bibliography,” which would encompass the subject his paper. 


Reprints from this Journal may made condition that the full title 
the paper, name author, page reference, and date publication the Society 
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COMPUTER SOLUTION PRESSURE DISTRIBUTION PROBLEM 


SYNOPSIS 


generalcomputer method for solving vertical pressure distribution prob- 
lems encountered inapplied soil mechanics presented. The attempt made 
retain direct equivalence between the physical problem and the required 
computer notation and logic. possible computer flow diagram and spe- 
cific Fortran program for use the computer used are given. 


INTRODUCTION 


recurring problem applied soil mechanics that determining the 
distribution vertical pressures some depth due the application loads 
some higher plane. This problem might conceived shown Fig. 
and the solution may take the form the general equation 


and equals the radius ofarea within which loads have significant effect 
pressure PV. 

applied loadand the pressure point, and also function the relation be- 


open until May 1961, extend the closing date one month, 
written request must filed with the Executive Secretary, This paper part 
the copyrighted Journal the Soil Mechanics Division, Proceedings the American 
Society Civil Engineers, Vol, 86, No. December, 

Instr., Civ, Engrg., Univ, Michigan, Ann Arbor, Mich, 
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COMPUTER SOLUTION 


tween elastic properties the pressure transmitting medium, that is, soil mass. 
The required number and form individual solutions for given problem de- 
pends how detailed and mathematically precise picture pressure varia- 
tions desired. 

Two the more widely used expressions the distribution parameter, 


(Eq. are the Boussinesq equation for homogeneous, isotropic, semi-infinite 
elastic mass 


and the Westergaard for horizontally layered elastic mass, infi- 
nitely rigid the horizontal direction 


Another useful form the pressure distribution equation one proposed 


plicable concentrated loads transmitted through shallow granular stratum 
bearing against rigid support. 

Biot5 and Wolf® have also developed precise elastic solutions 
considerable varying supporting boundary conditions and degrees 
anisotropy. Evaluation the former’s relationships indicates that these 
largely fall within the range values given the preceeding equations. 

has been generally recognized that elastic pressure relationships have 
only limited applicability soil mechanics and are generally inaccurate and 
misleading when applied plastically-deformed zones, particularly near the 
point load application. However, soils under moderate stress and points 
remote from the zone load application appear react anelastic man- 
ner. such instances, the Boussinesq equation has beenusefully employed for 
estimating values distributed pressures. 

Although possible obtain solutions the Boussinesq other equa- 
tions summing the component reactions using slide rule and desk computers, 


«Soft Material Reinforced Numerous Strong Horizontal Sheets,” Wes- 
tergaard, Contributions the Mechanics Solids, Stephen Timoshenko 60th Anniver- 
sary 


Under Substructures,” Griffith, Engineering and Contracting, 
March, 1929, 113-119, 


“Drukverdeeling Bouwgrond,” Froelich, Ingenieur, April 15, 1932, 
B-52, 
“Effect Certain Discontinuities Pressure Distribution Loaded Soil,” 
Biot, Physics, VI, December, 1935, 
der Kraft der Halbebene und Halbraum bei anisotropem Mater- 


ial,” Wolf, Zeitschrift fur angewandte Mathematik und Mechanik, Vol. XV, No. 
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this practical only for the more modest problems. Most widely used for the 
typical practical problem concerning area loadings for buildings embank- 
ment foundations the Newmark influence This method requires 
visual integration influence areas and incidental computations. Some data 
leveling may also required bring problems manageable form. 


DEVELOPMENT COMPUTER PROGRAM 


was necessary todetermine the pressure distribution beneath large mat- 
supported power house connection with long time settlement observations 
and forthcoming revisions loading schedules. The stratum being considered 
lay from ftto ftbelow the building mat, covering anarea approximately 
300 700 with foundation mat loads ranging from 0.3 3.0 kip per 
and involving about 700 columns, unsymmetrically arranged, delivering from 
2,000 kips each. was apparent that the conventional methods 
large expenditure time obtain even the sketchiest picture the overall 
distribution the desired depth. 

solve this problem, the writer developed the computer program that will 
outlined here. For convenience, general example the method will 
carried through, with particular attention devoted assigning physical meaning 
the symbols and operations they are introduced and discussed. addition 
general flow diagram, specific Fortran language instructionis presented 
the Appendix. 

The first step establish appropriate square grid that laid out 
scaled plan the area being studied. general, the basic grid dimension 
may set equal to1/3 less that the depth from the load plane the pres- 
sure plane. addition, will advantageous limit the grid dimension 
less than the minimum spacing between significant concentrated loads. 

After the properly scaled square grid system has been drawn, coordinate 
values are assigned each grid element, numbering from left right (the 
direction) and from bottom top (the direction), making reference 
column load, slab weight, and floor load schedules, assigning appropriate 
values each grid element. will convenient prepare standard data 
form, leaving space for: (a) Uniform loads, (i, that is, equivalent concen- 
trated load acting the center the grid element; (b) Concentrated loads, 
j); (c) coordinate (i, j); and (d) coordinate (i, j). Reading 
these items (a) through (d) for each gridelement, from left right, 
bottom top. concentratedor uniform load absent, the appropriate item 
set equal zero and recorded proper sequence. 

Using the notation the grid element coordinates the location 
the load data, and parallel andrelated coordinate system identify the loca- 
tion the pressure point, Eqs. and may now written (Fig. 2). 


(i, 


which the depth from load plane pressure plane (ii jj) where 


“Influence Charts for the Computation Stresses Elastic Foundations,” 
Newmark, Univ, Engrg. Experiment Sta, Bulletin 338, 1942, 
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denotes the number grid elements both the left-right and 
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bottom-top directions, spanning the area within which loads have significant 
effect the value (ii, jj); and which 


and 


Fig. indicates the physical equivalents the notation introduced previously. 
shows that computing value (ii, jj), only limited and definable block 
grid elements withconcomitant loads are being directly involved the com- 
putations. The essence the computer program not only determine and 
sum the component pressure values, but index the pressure point over the 
desired area, redefining the block grid elements encompass the loaded 
area significance. addition, for large program, will necessary 
reorganize and replace the data the program proceeds. 

possible flow diagram for the general program shown Table 

Insofar feasible, the notation Fig. has been retained the flow 
diagram. The following comments will help explain certain additional terms 
substitutions, the order they appear the flow diagram. The factors 
and are the number grid elements the left-right and bottom-top direc- 
tions, respectively. The factor defines the coordinate, the direc- 
tion, the pressure point being evaluated. Factor KEND defines the left hand 
grid column coordinate the grid block considered computing the pressure 
points the extreme right. The factor which initiated value and 
indexedas pointis tabulated, controls the proper 
minimum and maximum used calling for the load and coef- 
ficient data. When reaches the value KEND, the data the core memory 
rearranged, currently applicable load and coordinate data are substituted for 
data longer required, and the factor initiated once again. will noted 
that the pressure point identified non-subscripted form. The values 
KK, JY, and which are writtenin conjunction with specific value PV, 
adequately identify the coordinates (location) the pressure value. Since 
set equal zero after each “write” statement, there danger over- 
loading the memory with redundant output data. 

The above flowdiagram and the Fortran program shown the Appendix are 
not purported the optimum procedure from the standpoint computer ef- 
ficiency. However, they retaina reasonably close equivalence the physical 
representation shown Fig. will noted that special sub-routine has 
the precise computation radial distances loads falling within grid 
elements most proximate the pressure the example, within two grid 
blocks from the pressure point), one can significantly reduce the computation 
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TABLE 1,—FLOW DIAGRAM 


DIMENSION 


READ ji—> ltoa —-—— 


j toa =1 Vv = 0 ND = K + a - 1}— ©) 


Q (i,j), F | fiz=i-K+1| 


[ PV = PV + F (i,j) x RF (i,j) | 


e 


WRITE 


PV, KK, JY, 
Z 


| Q (i,j) = Qi, i+ | 
F (i,j) F (i, j+ 1) (i,j), F (i,j) 


| = | for i=1toM 


22 ir (i 5 
72 (ii, i) 5 


© py = current value of P (ii, jj) 
KK = current value of ii 
JY = current value of jj 


nia 


— 
‘= 
Gi 


time. More remote concentrated loads are considered act the grid ele- 
ment mid-point and the precomputed radial distances, that is, jj) and 
related pressure coefficients, are used. Other problems might suggest further 
economies require additional refinements. 

indicate the amount computer time required execute the program 
outlines, the following experience might considered asa guide: for 484 sepa- 
rate pressure points involvinga block loaded gridelements for each 
pressure point, the time requiredfor execution was 5.8 min. significant por- 
tion this time involved rearrangement andtransfer from tape mag- 
netic memory. Thus, smaller programs not requiring this step would require 
even less time than that indicated single proportion between number 
pressure points and grid block elements. 


LIMITATIONS 


One limitation the program outlinedis that pressures are computed only 
mid-points grid elements, which may not the loci maximum pres- 
sures large concentrated load located within the element does not fall 
the center. This discrepancy, course, rapidly diminished reducing the 
dimensions the grid element. alternate method would program 
sub-routine compute the pressure directly beneath any concentrated load 
greater than some specified value, this involving the recomputation the radial 
distances and related pressure coefficients the surrounding loaded grid ele- 
ments. 

Any error introduced considering uniform loads equivalent concen- 
trated loads acting the centers the elements would small and consist- 
ent. For example, when (element width) less than 1/3 (depth), the con- 
centrated load yields pressure values less than above equivalent uniform 
load values. 


CONC 


Experience indicates that the computer method and the specific program 
presented sufficiently flexible and economical considered for solving 
lengthy complex pressure distribution problems. 
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DIMENSION Q(57, 15), 15), F(57, 15), RX(15, 15) 
WRITE OUTPUT TAPE 6,102 

READ INPUT TAPE 7,100,M,N, Z,C 
FORMAT (215, F5.0, F6.5) 

ZSQ Z*Z 
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APPENDIX.—FORTRAN PROGRAM FOR IBM 704 COMPUTER 


KEND 

FORMAT(12F6.1) 

K=1 

DELPV 

IEND K+14 

I-K+1 

DELPV 

20,20,10 

P=0 

X(I,J)-(FLOATF(K+7)-.5)*10. 

(ABSF(P)-25.)11, 11,13 

R=0 


WRITE OUTPUT TAPE 6,50,RF, 

FORMAT (3F8.1) 

DELPV 

DELPV 

CONTINUE 

K+7 

WRITE OUTPUT TAPE 6,6, 
FORMAT (F12.2,2110, 
K+2 
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TUTTLE CREEK DAM ROLLED SHALE AND DREDGED SAND 


SYNOPSIS 


fit available materials, the design Tuttle Creek Dam central 
Kansas includes major volumes shale-limestone constructed rolled 
fill, and sand deposited dredging directly into place two types fill not 
commonly employed present-day earth dam construction. The reasons for 
choosing this design are explained, together with experiences learned during 
construction. The paper covers primarily the earthwork and foundation as- 
pects the project, which the other more unusual features are closure 
“in the wet” and handling area weak clay foundation partly excavation 
and partly exceptionally wide berms. 


INTRODUCTION 


With volume about 21,000,000 yd, Tuttle Creek ranks one the 
world’s largest earth dams (nly recently displaced from 7th 9th size 
start construction Trinity and Navajo Dams). After the giant Oahe Dam, 
the next largest embankment currently under construction the Corps 
Engineers. Started 1952, suspended during 1954 when the views reser- 
voir landowners curtailed appropriations, the embankment has risen pro- 
gressively since 1955 and scheduled for completion 1960. Construction 
has been accomplished major contracts: all earthwork, for the outlet 
works structures with some earthwork included, and for the spillway struc- 
ture. Now that diversion and closure have been accomplished the summer 


Note.—Discussion open until May 1961. extend the closing date one month, 
written request must filed with the Executive Secretary, This paper part 
the copyrighted Journal the Soil Mechanics Division, Proceedings the American 
Society Civil Engineers, Vol. 86, No. December, 

Geology, Soils Materials Branch, Mo, River Div., Corps Engrs., Omaha, 
Nebr, 

Civil Foundations Sect., Kansas City Dist., Corps Kansas 
City, Mo, 
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1959, success seems sufficiently assured that the design and construction 
lessons learned can recorded for information the earth dam building 

particularly interesting lesson has been the demonstrated practicality 
dredging some 6,300,000 sand directly into piace modern 
earth dam. Although dredging and its companion method hydraulicking for 
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gradational sorting are old methods, they have been little used for dams since 

about 1940 with Ft. Peck, Sardis, Kingsley, and Knightville Dams representing 
about the last the hydraulic fill era dam construction. part, this 
believed due concerns designers following the slide Ft. Peck Dam3 


and part equipment improvements making rolled fill cost generally the 
cheaper. While Tuttle Creek was designed primarily for rolled fill construc- 


“Fort Peck Slide,” Middlebrooks, Transactions, ASCE, 107, 1942. 
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TUTTLE HILL DAM 


tion, the site conditions indicated that placing the pervious sand rolling 
methods dredging methods could “standoff” cost. Hence the 
specifications allowed dredging option, which even then might not have been 
utilized had not been for the combination progressive contractor plus 
alert Resident Engineer with wide experience inthe techniques hydraulic 
fill. the authors’ knowledge, Tuttle Creek the world’s only major dam 
outside the Iron Curtain where the dredging method currently being used 
for placing major portion the main embankment. 


DESCRIPTION PROJECT 


Located the Big Blue River about mi. upstream its confluence 
with the Kansas River Manhattan, Kansas, Tuttle Creek Dam vital unit 
controlling the Kansas River and one key dams the comprehensive 
inter-agency developed plan for the entire Missouri River Its functions 
are multi-purpose with its total storage 2,346,000 acre-ft (to flood pool 
1,136) being divided between flood control and conservation supple- 
ment low flow. The need has long been recognized for evening out the widely 
varying flows the Kansas River, whichthe Big Blue major tributary, 
and this has been strikingly emphasized recent years. The year 1951 saw 
the disastrous flood record amounting over 500,000 cfs the Kansas 
River which the Big Blue contributed about 100,000 cfs. This was promptly 
followed drought period from 1952 1956 when the flow the Kansas 
River times dropped 200 cfs Topeka, Kansas and greatly re- 
stricted normal uses water for municipal and industrial water supply, for 
irrigation, and for reduction pollution. 

The general layout shown Fig. The earth embankment about 
7,500 long and has maximum height 157 above stream bed. The outlet 
works located the base the right abutment and consists twin 20-ft 
horseshoe-shaped conduits, intake tower with two gate passages for each 
conduit, and stilling basin which includes center wall divide the flow 
from the two conduits. The spillway cut into the shale and limestone bed- 
rock the left abutment and consists gated weir structure discharging 
into paved chute. state highway carried across the top the dam and 
crosses the spillway bridge. Presently estimated project cost totals 
$85,000,000, which about $26,000,000 represents cost the dam itself, 
with the remainder being divided between real estate acquisition and 
relocation-protection work the reservoir. 


FOUNDATION CONDITIONS 


Foundation conditions are shown generalized form the dam 
site the flood plain about 5,000 wide, with alluvial deposits this reach 
varying thickness from about 100 ft. The upper forms 
the flood plain natural blanket which consists silt (ML) and clay (CL, CH, 
and OH). This underlain the valley sand for thickness ft, 
sand and gravelly sand (SM, SP, and SW). One buried valley was encountered 
the bedrock shown Fig. here thickness sand increased ft. 
Pumping tests pressure relief wells indicate average permeability 
1,800 10-4 per sec for the valley sand. 


River Basin Plan Operation,” Johnson, Transactions, ASCE, 
Vol, 122, 
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TUTTLE HILL DAM 


slightly higher elevation the right bank the river alluvial 
terrace (1,500 wide) composed principally weak, wet clay, the 
terrace clay. Nearer the river, the terrace consists clay (CH, OH, 
and including 6-ft thick intermittent peaty deposit) underlain about 
clay (CH and CL) exists above small amount discortinuous sand. The 
terrace clay averaged 35% clay-size material with moisture content high 
40%. early test fill showed this material wet that could only 
placed uncompacted berm channel fill. Near the foot the left abutment 
old channel deposit was encountered, consisting about weak clay 
similar the terrace clay. This not expressed topographically and 
rather small extent compared the right bank terrace. 

The rocks encountered Tuttle Creek are alternating beds shale and 
limestone Permian age, underlain over 2,000 similar materials 
Pennsylvanian age. Generally, the limestones may described argillaceous 
and the shales calcareous. While many the beds have their own person- 
ality traits, the limestones are generally medium bedded hard rocks, and 
with one exception have been cooperative not exhibiting any marked solution 
cavities. The limestones vary from about thick, are generally 
medium hard soft, most are shaly, some are dolomitic, and some contain 
chert nodules. Cottonwood and Long Creek limestones are quite sound and 
were used for riprap. Advantage was taken also the favorable location 
Long Creek limstone the right abutment foundation for conduit and 
intake tower. Other numerous limestone beds are less durable too thin for 
separate excavation. Weathering the interbedded limestones character- 
ized iron stain along joints and somewhat porous solution-formed honey- 
comb zones, some partially clay filled which was most pronounced with part 
the Neva limestone. The limestones are only feebly permeable, principally 
from leakage along joints. Contrastingly the shales are substantially imper- 


vious. 
Shale beds vary from about thickness, and most are 
tively fine textured, with massive highly compacted clay being the most 


abundant type. Nearly all are limey and are laminated and fissile. 
Some the limey layers inthe shale beds are several feet thick and approach 
the hardness limestone. Generally the unweathered shales are firm 
subfirm, but disintegrate somewhat crumbling slaking exposed air 
drying, and alter soft plastic clay long continued weathering. Only the 
upper shale bedrock was thoroughly altered plastic clay. 
The range hardness, consolidation, and cementation the rocks 
Tuttle Creek from fissile moderately hard shales one extreme and 
hard limestone the other. Where unweathered, the shales required syste- 
matic drilling and blasting, both facilitate removal and obtain proper 
fragmentation, and generally broke chunky. the weathered areas, the shales 
and thin limestones were excavated with power shovels without blasting, but 
desired uniformity breakage for use the embankment and cost for pro- 
cessing the fill limited this method. 


EMBANKMENT DESIGN 


Key factors the embankment design were handling different foundation 
conditions and utilizing maximum amounts local materials from required 
excavations. The former principally influenced external slope design. The 
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latter was main consideration determining the internal zoning with the ob- 
jective use different materials the time expected from excavation 
orderly construction program. Required excavation contributed about 60% 
total volume the dam and the remainder was obtained from valley borrow. 

The valley embankment section shown Fig. 3(a) was used for longest 
reach dam. Impervious material for the central core was obtained for the 
most part from borrow areas, placed lifts, usually wetted, and com- 
pacted with tamping rollers. With required excavation contributing about 
8,000,000 shale-limestone, was important use this material. 
This required special techniques which are discussed later. Shale-limestone 
was placed principally the upstream shell. Top part the upstream shell 
was placed rock fill, partly allow steeper slopes, but primarily use 
about 1,000,000 Neva limestone from the bottom the spillway ex- 
cavation. Since this material was excavated last, was desirable arrange 
its use near the top the dam. 

One the job headaches was discovering the “fickleness” the 18-ft 
thick Neva limestone bed. Roughly, the upper was moderately durable 
limestone, fine-grained, thick-bedded, nearly riprap quality, and when 
used alone, resulted excellent rock fill. However, the lower half the 
Neva bed was plagued with inconsistency, except for 1-ft bed the base 
sound limestone. major areas the spillway, excavation revealed the re- 
maining essentially decomposed clay with only fair percentage 
insoluble rock fragments floating the clay matrix. avoid opening 
quarry, the upper and lower portions the Neva, were excavation 
except where the latter completely lacked rock fragments. Operations 
placing the rock fill were controlled obtain rock-to-rock contact and 
avoid overfilling voids with clay-like material. Material was traffic com- 
pacted 3-ft lifts when material was essentially all limestone). While 
the result was hardly textbook rock fill, was considered adequate for its 
prime function high shear strength fill. The outer the rock fill 
was constructed entirely limestone for slope protection. (The Lower Neva 
was originally visualized consisting extensive clay filled solution 
cavities fairly soft limestone. This interpretation was based and 
diameter core drilling, largely concentrated area spillway struc- 
tures, plus large outcrop about mi. away where upper Neva was sound 
and lower Neva soft limestone. While the original interpretation was correct 
considerable part the excavation, was disappointing, say the 
least, find adjacent major areas thoroughly decomposed. The lesson for 
the future believed indicate the desirability 30-in. 36-in. calyx 
holes for close inspection suspected similar conditions. While the borehole 
camera probably would also tried, seems questionable could dis- 
tinguish between the assumed clay filled cavities and the actual rock pieces 
surrounded clay.) 

The downstream shell was largely pervious fill, dredged place. dis- 
cussed later, the specifications allowed the contractor option rolled 
dredge methods for placing pervious materials. For rolled fill design, pervi- 
ous was limited 15-ft horizontal drainage blanket and inclined zone 
(chimney drain) next the impervious core, with bulk shell being random 
fill (Fig. 3). Above the random zone, shale-limestone zone was used 
accommodate the volume available. berm fill zone (largely for counter- 
weight functions) was provided use low shear strength and wet materials. 
was traffic compacted 2-ft lifts and consisted excess shale-limestone, 
wet channel excavation, and terrace clay. 
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the conduit area, the strongest material (sand) was utilized the 
shells both sides the impervious core permit steepening the embank- 
ment slopes and thus minimize the conduit length. shown Fig. 3(b), the 
impervious zone was extended upstream around the conduit while pervious 
was used downstream. The conduit and intake tower were founded the Long 
Creek bed, one the harder limestones. Outlet channel grades were adjusted 
the stilling 

relatively wide embankment section was used over the weak terrace clay 
foundation area obtain stability (Fig. 3(c)). Unusually wide berms 
slope) were necessary since the analysis allowed for development pore 
pressures the thick foundation clay layer during construction. Limited 
measurements during construction indicated pore pressure developed the 
rate about water for each foot embankment load. This was ap- 
proximately equivalent pore pressure equalling 50% the added load, 
comfortingly little less severe than the 55% 65% range assumed sta- 
bility analyses. waste area upstream served further counterweight 
and thus slightly improved the stability over that counted the analysis. 

the transition reach between the conduit the terrace section, 
the clay foundation was excavated bedrock and backfilled with semi- 
pervious sand both sides the impervious core provide stronger 
foundation (Fig. Beneath the narrowest embankment adjacent the 
conduit, the foundation excavation was the widest. The foundation excavation 
was narrowed the berms widened that the same safety factor was ob- 
tained throughout the transition reach (Fig. 1). lessen the potential crack- 
ing effect differential settlement, the foundation excavation was terminated 
flat slope and the impervious core was placed wetter 
than optimum moisture improve its flexibility. Settlement gage observa- 
tions date, adjacent this area, indicate that the differential settlement 
after completion the embankment likely the order 1.5 over 
length about 400 along the dam axis. 

Slope protection the upstream consisted Cottonwood limestone 
quarry run riprap below the rock fill zone. For filter action, 12-in. 
layer crushed stone bedding was placed under the riprap where the em- 
bankment consisted sand, but omitted where was formed shale- 
limestone fill. Since the flat berms provided considerable beaching 
action, riprap here was reduced in. Rock fill top the dam was pro- 
tected selective placing more durable the Neva limestone the outer 
surface. Protection the downstream slope was provided in. slope 
surfacing for which the specifications allowed mixture low grade lime- 
stone and limey shale means using material intermediate quality 
between rock fill and shale-limestone fill. While the result contained con- 
siderable shale, the coarse fragment content has appeared adequate fulfill 
its function resisting erosion. This downstream slope treatment was 
selected likely require less maintenance than for the alternate 
turfed slope needing periodic mowing. 


SHALE-LIMESTONE FILL 


Although there has been considerable usage the soft rock variety 
shales dams (such the huge volumes clay shale excavated earth 
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moving equipment and rolled into and Oahe there has 
been comparatively little experience utilizing the harder type shales 
which are generally excavated blasting. Youghiogheny Dam one the 
few recorded cases.’ There shale chunks were reduced minus size 
crusher, delivered the dam belt conveyor, and then compacted 
tamper rollers. With the good experience subsequent years using heavy 
rubber tire roller for compacting granular soils containing aggregate 
cobble size, was believed entirely practical utilize compacted fill 
some 7,300,000 bedrock excavated from the spillway. shown 
Fig. this consisted mostly shale but also included numerous limestone 
beds, which was neither practical nor desirable excavate separately. 

The problem was approached constructing several test fills with 
variety shales and compaction and then including about 
1,000,000 shale-limestone fill the first contract serve 
large scale test embankment. The methods evolved and used the subsequent 
major embankment contracts were essentially follows, with the objective 
being well-graded dense fill. The shale-limestone mixture was placed 
18-in. lifts and compacted passes rubber tire roller carrying 
100,000 wheels. prepare the lift for rolling, the specifications re- 
quired that the material “conditioned” removing over-size pieces and 
breakage blasting and/or the fill produce well-graded mixture 
with sufficient fines substantially fill the voids. Over-size pieces (those 
exceeding the lift thickness) were raked the outer slope the dam directly 
behing the riprap using large rock rake capable raking full depth 
the lift. The rake included teeth, 5in. thick, spaced in. apart, and weigh- 
ing about 400 per tooth. dual drum spike-toothed roller, weighing about 
55,000 4,500 per lineal foot drum, was used for breakage the 
fill. Drums were diameter and each was equipped with spikes con- 
sisting 12-in. long triangular section plate. Generally and the 
spreading bulldozer served break most the shale chunks, leaving only 
larger pieces limestone and hard limey raked out over-size. 
However, the real secret conditioning the material was good breakage 
during blasting. This was accomplished with 4-in. blast holes usually 
12-ft 14-ft centers, although the pattern was varied some with the rock 
conditions. Powder was ammonium nitrate and consumption averaged 0.5 
per yd. With thorough breakage blasting, the slow and more costly 
breakage the fill was greatly minimized, and the material could rolled 
promptly after placing, moisture control was required. 

Results were excellent and exceeded expectations. very dense fill was 
produced with only minor amount voids, revealed occasional 
test pits. Such were hand dug since power auger proved unable penetrate 
through the dense chunky fill. Dry density averaged about 115 per ft, and 
was determined excavating hole about size, lining with 
plastic membrane and then filling with water determine the volume. 
Bulking factor from excavation embankment was only about 5%. Costs for 
the two main earth-work contracts were $0.15 per for placing the 


Soil Characteristics, Corps Engrs. Report, Garri- 
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“Materials and Compaction Methods, Missouri Basin Dams,” Bennett, 
Transactions, 6th World Congress Large Dams, 1958, Data presented for Tuttle Creek 
Dam largely that from the test 
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fill and $0.45 per for excavation, including haul from spillway left 
bank embankment which the latter figure increased $0.61 for the longer 
haul the opposite bank involved the second contract. 

For analysis purposes, two limiting cases were assumed and the dam de- 
signed safe for either condition. First, was considered the shale- 
limestone could act highly pervious fill and produce full reservoir 
pressure upstream side the central core. Second, was assumed the 
material would ultimately weather toaclay, for which effective shear strength 
was assumed 24° friction angle and zero After seeing the fill 
actually produced plus the relatively minor slaking the shale the exca- 
vated slopes, now seems that the second assumption was unnecessarily 
conservative. For such dense fill, seems more likely that circulation 
the weathering agents, air and water, will relatively minor that the 
time required for the great bulk the mass weather clay would 
measured hundreds years and possibly thousands. Hence, for the useful 
life the project, would seem reasonable assume strength and perme- 
ability gradually reduced weathering only the outer part the fill, and 
for the inner portion assume strength perhaps only slightly lower than 
that for normal granular material. (As word caution, there are other 
types shale for which this assumption would unsound. Examples are 
those which slake severely, and the weaker clay shales which soften and 
swell when unloaded the presence water.) Possible economies from such 
approach are now being explored for two other dams the Kansas City 
District involving similar shale, and the concept seems realizable with some 
selection avoid the weaker shales, using such berm fill. 


DREDGED SAND 


Conditions the two main borrow areas, and were substantially, 
shown the left bank portion the geologic profile Fig. 6-ft 10-ft 
flood plain blanket silt and lean clay overlying sand, be- 
coming coarser with depth. The water table varied with river level and was 
generally below top the sand. Considering these borrow con- 
ditions, the specifications allowed two optional methods for handling the 
pervious fill, The first contemplated placement rolled fill; the quantity 
pervious was minimized using large random section for construction 
mixture silt and fine sand; and sufficient borrow area was provided 
permit obtaining the pervious dragline excavation extending only few 
feet below the water table. The second method allowed placement both 
pervious and random zones dredging sand directly into place, subject 
certain restrictions avoid any ponding the fill and any undesirable trap- 
ping fines critical portions the pervious zone. Both methods contem- 
plated removal the silt blanket and its use impervious fill. 

Pervious fill was started 1955 rolled fill. Sand was obtained 
draglines excavating face extending about above water and equal 
distance below. Close fitting doors were required onthe bottom dump Euclids 
haul the resulting semi-fluid sand-water mixture. The material was spread 
layers and compacted tractors whose vibration brought the excess 
water the surface. Since the underlying flood plain silt blanket prevented 
drainage downward, and since the relatively flat surface the initially wide 
fill retarded runoff, most this water remained the surface. Here 
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mixed with the already semi-fluid sand the next lift and caused the Euclids 
“bog down.” Essick vibrating rollers were tried and produced results 
similar the tractors. effect, both types equipment compacted the sand 
vibration with the excess water coming the surface; the excess repre- 
senting the difference between water required for saturation the inital 
loose state and that for saturation inthe compacted state. After trying several 
other variations methods, the contractor changed dredge 
method proposed, but not tried, was keep the fill surface sloping suffi- 
ciently the excess water would drain off was vibrated the surface 
during compaction the tractors. About years later such method 
was used Swiff Dam for handling afar less free draining material high 
rainfall climate. proved successful there that rain seldom stopped the 
work and was often preferred weather 

Fig. shows typical dredging operation. With the dredge the down- 
stream borrow pit, the discharge header was carried ramp which also 
served haul road for handling the impervious core material from the 
same borrow area. From Y-branches the header, stub lines discharged 
the beach with the return water flowing parallel the dam axis reach the 
dredge spillway. This was morning glory type spillway, flared the top 
16-ft diam, which conveyed the return water the toe 
through vertical riser and horizontal leg corrugated metal pipe. 
This pipe remained the embankment and was sluiced full sand. For work 
the left bank, the discharge header was located about the middle the 
3,800-ft length embankment. With spillway each end, this permitted 
dredging one the 1,900-ft beaches while rearranging the stub discharge 
lines the other. 

For the shorter right bank embankment, single dredge spillway was 
located the river end and the discharge header was placed near the outlet 
works (Fig. making the downstream beach reach about 1,600 ft. take 
advantage the shorter pumping distance, the sand portion the right bank 
embankment was dredged from the adjacent upstream borrow area. Since the 
central impervious core was always kept ahead the dredged sand shells, 
this required temporarily carrying the discharge header through the central 
core reach the downstream sand This was accomplished running 
the header through larger sleeve pipe extending across the top the core. 
Then raise the discharge header and dredged sand grew around 
it, wide trench was cut through the core remove the header, and the 
core section was carefully restored backfilling the trench with impervious. 

the dredge borrow areas, the surface clay were excavated ahead 
the dredge, except for the bottom this natural blanket material 
which served support the hauling equipment. The dredge cut was then full 
face. Typically consisted sand above water, capped with 
frequently gravelly the bottom and occasionally thin 
beds silt and clay. prevent strata impervious fines the pervious 
zone, specifications required the dredge water kept flowing with ponding 
the embankment. For the first contract involving dredging, discharge from 


Builder Switches Dredge,” Engrg. News Record, November 29, 1956, 
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bottom traps the dredge line was specified. Objective was carry bulk 
the fines beyond the open traps and thence back the borrow pit through 
return line discharging outside the embankment. Work was started with trap 
discharge pipe laid wood trestle. However, was soon shifted open 
end pipe discharge when this method was found give equally good results. 
The open end discharge required only baffle the end the pipe 
spread out the jet, and eliminated the trestle the pipe rested directly 
the fill surface. key factor the open end discharge method was 
keep the return water constantly flowing with velocity sufficient con- 
tinually rewash the top few inches material the beach. Generally this 
was accomplished with beach slope about where the coarser ma- 
terial was deposited near the discharge pipe. This gradually flattened 


STANDARD SIEVE SIZE 
IN. 0.75 IN. NO.4 NO. NO. 200 


FLOOD PLAIN 
NATURAL BLANKET 
fill 


DREDGED SAND 
+ Pervious fill ———~ + 


FINER BY WEIGHT 


PERCENT 


+ 


VALLEY SANDS 


100 50 10 5 10 05 0.1 0.05 0.01 0.005 0.001 
GRAIN SIZE IN MILLIMETERS 


FIG, 6.—GRADATION CURVES 


dozer was operated near the discharge pipe distribute the flow. The 
impervious core was carried ahead the dredged sand shell and supported 
flat-topped wedge compacted sand, dozed from the dredge beach 
and compacted the dozer tractor. Clay balls were occasionally produced 
from intermittent clay layers the sand pit. When these were considered 
excessive, the clay ball—sand mixture was dozed the downstream portion 
the dredged sand (random zone area shown 3). the beach ad- 
vanced front one stub line, discharge was shifted the adjacent stub. 
These stub lines from the discharge header were about 100 apart ft), 
and the number varied the width the dredged zone decreased with eleva- 
tion. the discharge shifted between stubs, and wherever velocity caused 
local deposition fines, low training dikes were dozed concentrate the 
flow and thus wash away the fines. 


2 

100 
| 

| 

| 

- 
~ 
4 


These procedures reduced the fines the extent that the dredged 
contained slightly less fines than the natural sand the borrow pit. This 
shown Fig. which compares the gradation range several hundred con- 
trol samples with that the natural sandand also with that the silt blanket 
used for impervious. Several series tests determine the change 
gradation different distances away from the discharge point. After leav- 
ing the region coarser material deposited near the discharge point, there 
was remarkably little difference gradation along the entire length the 
Principal exception was tendency early work for thin silt lenses 
immediate proximity the spillway, but this was largely eliminated 
using spiral approach near the spillway (Fig. 7). 
Numerous shallow inspection pits showed the principal stratification con- 
‘sist tongues and rivulet channels pea gravel and coarse sand within 
mass medium sand. Tongues fines occurred less frequently and were 
seldom continuous for any significant distance. This was attributed the 
continual rewashing the beach surface which tended cut through any 
fine stratum while simultaneously promoting continuity inthe rivulet channels 
coarser material. 

Densification was entirely from seepage forces the water drained 
downward and outward the embankment toe. rolling was specified for 
the dredged sand; except where was excavated and replaced for construction 
convenience, rolled fill methods were required for the refilling. Fill density 
tests required special care locate the sample reasonably uniform non- 
stratified material and wait until the free water level had drained least 
foot below the sampling level. From the more reliable results, dry density 
the dredged sand ranged from 105 120 per ft. The rather wide 
range due changes gradation that better measure compactness 
terms relative density. This generally ranged from 55% 80% rela- 
tive density and was determined the Providence Vibrated Density 
Perhaps more graphic picture the compactness that self-propelled 
rubber-tired scrapers were able operate over the surface the dredged 
sand without difficulty. 

While the placement techniques exceeded those for more conventional 
dredged fill, they were considered desirable insure the caliber stability 
and permeability required the pervious shell dam. the latter re- 
spect, the specifications required high permeability material vertical 
band downstream the core “chimney drain”) and the horizontal drain- 
age blanket base the dam, with less permeable material being allowed 
for the balance the dredged sand shell. Actually the borrow pits yielded 
such good sand that the dredged fill was relatively uniform throughout. 


DREDGE EQUIPMENT 


Two 20-in. electric powered dredges were used, both erected the job 
and designed permit disassembly and transport. The first dredge was used 
for the left bank embankment and utilized pumps series powered one 
1,500 and one 1,250 motors. For higher lifts was supplemented 
booster pump powered 1,500 motor. originally functioned 
straight suction dredge but output was low, partly because the sand did not 


“providence Vibrated Density Test,” K.S, Lane, Proceedings Second Internatl. 
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cave readily. Production was considerably improved endless 
chain agitator each side the suction head. When the same contractor 
obtained the following contract, the second dredge was constructed (using 
some parts from the first) and was used for the right bank embankment and 
closure reach. Since the second dredge, the “Rocky Ford,” profited from ex- 
perience the prior contract, more interesting the two dredges. 

fit the site conditions, the Rocky Ford included 6-ft diam rotary 
cutter head. This was mounted 25-in. suction pipe that both the cutter 
head and the suction pipe were rotated 400 motor, arrangement 
which permitted keeping nearly the whole cutter head buried and distributed 
the wear over the circumference the suctionpipe. The ladder was arranged 
for digging depths ft. This was single pump dredge, with 78-in. 
impeller and 20-in. discharge line, powered 3,000 slip ring motor. 
Where the lift exceeded around with the length discharge line over 
3,000 ft, the addition booster pump driven 2,000 motor permitted 
lifting 100 above the dredge pool through around 5,000 line. 
sand, affording reasonably good digging, production was about 1,000 per 
although the percentage solids seldom was estimated over 10%. Con- 
siderable the material was gravelly sand, particularly near the bottom 
the borrow deposit, which required line velocity about fps move 
the coarser particles. Wear the pipe line and pumps was combated fre- 
quent renewal hard-facing and using pump liners and casings 
specially hard metal, “Ni-Hard.” 

With the dredge the job, was also used for some portions the re- 
quired excavation largely below the water table which might otherwise have 
been allocated draglines, principally portion the approach channel 
dredged upstream berm fill and the extreme downstream reach the 
outlet channel where silt and terrace clay were dredged waste. the latter 
excavation, the available cutter head frequently became clogged tackling 
the sticky clay. This was partly overcome over-deepening mix bed 
gravel top the bedrock and undercut the clay induce caving. 
Cobbles and flat rock pieces in. in. size from this basal 
gravel layer were occasionally discharged the waste area the end 
about 4,500 pipe line. 


DIVERSION AND CLOSURE 


Provision for constructing lower portion the closure embankment “in 
the wet” without unwatering the river bed was another the projects’s less 
conventional features. For the particular site conditions, this method was 
considered satisfactory lieu the common practice pumping out the 
river channel between cofferdams. Foundation conditions were one the 
major reasons for this choice, although some savings time and cost were 
also realized. Since the dam was located essentially the head the pool 
formed Rocky Ford Dam (Fig. 1), was anticipated that thick 
muck deposit would present from the odd aggradation behind this 
small power dam, and that this would require unwatering the channel for its 
removal, However, borings the channel showed the river generally running 
the foundation sand. The muck was found largely concentrated along 
the banks 3-ft 5-ft thickness organic silt, and was only inches thick 
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the channel proper. appeared that modest amount under-water muck 
excavation would make the foundation the channel area least good 
that beneath the embankment adjacent banks. closure the 
was considered satisfactory and the design was prepared accordingly. 

The resulting embankment section for the closure reach shown Fig. 
3(e). Below the cofferdam under-water pervious fill was utilized reach 
above water surface. Upstream the central core was covered with im- 
pervious blanket which joined with the impervious fill the upper cofferdam 
and with that the channel fill upstream match the natural blanket im- 
pervious silt found each bank. Otherwise zoning was the same for the 
valley embankment section. 

Diversion was timed avoid periods maximum flood potential. While 
the Big Blue River has produced floods every month the year, the flood 
potential has been most likely May and June, although occasionally the 
record, this flood period extended mid-July. Hence, diversion was 
planned for the latter half July. Completion the cofferdam was required 
mid-August preparation for fall floods, which have occurred early 
August 15. 

Diversion was accomplished July 20, 1959 following the aftermath 
small flood early July which reached bank full stage, about 30,000 cfs. The 
river cooperated splendidly flowing only around 2,500 cfs which greatly 
simplified the diversion operation. The diversion dike was constructed 
end dumping shale and limestone from stockpiles both banks, and the flow 
was thus diverted through the conduits. The contractor did fine job con- 
centrating equipment the cramped work 230,000 cofferdam 
which resulted its completion about days time. Impervious material 
formed the bulk the cofferdam. This compacted layers, 
utilizing upstream borrow area the left bank, and the right bank 
stockpile clay which had dried reasonably the since its excavation 
from the outlet works channels. 

About the only unscheduled event was the slow progress the dredge 
excavating the tenacious clay the short downstream reach the outlet 
channel which had been left for dredging. Hence, draglines were put work 
excavating this reach water level and opening partial width channel 
along one side. Since studies showed the lack full channel section would 
have only minor effect the poollevel, diversion proceeded and the dredge 
succeeded completing the channel section shortly after the cofferdam 
was finished. small inconvenience was the need construct roadway 
across the riprap reach the trash fenders the intake tower for removing 
drift. This had by-passed log boom and accumulated the extent that 
added about the pool level. Future designs could easily avoid this 
providing for such access initial construction. 

the cofferdam approached completion, draglines excavated the muck 
along both sides the river. Simultaneously the banks were trimmed 
flatter slope reduce differential settlements the closure reach embank- 
ment. The dredge then moved and removed the remainder the muck, 
pumping over the cofferdam waste area the right bank. The specifi- 
cations did not require the removal thin muck layers (of the order in. 
such those the center the channel) since they would consolidate 
rapidly under the embankment load. Actual result was even better the 
dredge swept the channel twice and its practical depth cut frequently ex- 
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tended into the underlying foundation sand. light aluminum sounding rod 
readily indicated the depth muck and checked its removal. 

prime problem placing the under-water pervious fill dredging was 
avoid any sizeable deposition dredge fines that would tend accumulate 
the quiet water ahead the advancing fill. The following combination 
techniques handled the problem well that the accumulation silt fines 
was far less than the 12-in. thickness established tolerable maxiraum. 
minimize fines the material pumped, the dredge operated portion 
the borrow pit from which the silt blanket had been thoroughly stripped 
the top the sand. The dredge line was carried across the river pontoons 
and was equipped with bottom discharge traps. These traps were opened pro- 
gressively with only one trap being open time. the area immediately 
upstream the trapline, dragline re-worked the sand break silt 
lenses. The dredge line terminated the bench toe the embankment 
right bank the river and here deposited stockpile open end discharge. 
Keeping reasonably steep beach here produced narrow stockpile com- 
paratively clean sand which was dozed laterally into the river, thus working 
out the fill from the right bank. Return water was carried ditch the 
right bank deposit the fines the channel fill area below the construction 
bridge. 

soon the dredged pervious reached above water level, was topped 
with in. lift sand placed the dry, and then heavily rolled explore 
for any soft spots the under-water fill. soft spots were found and the 
balance the closure embankment proceeded the dry with the pervious 
shell placed dredge. Discharge the return water was through glory- 
hole spillway similar Fig. and was controlled that the dredge fines 
deposited build the lower portion the downstream channel fill. The 
principal function this channel fill was increase embankment stability 
and support service road. For the latter purpose, about rolled fill 
was placed above river level carry the road over the dredged fines. 
time was downstream cofferdam needed and the river cooperated fine 
style producing flood against the upstream cofferdam. For the optional 
hauled fill method placing the under-water pervious, downstream coffer- 
dam was specified protect placement operations from high tailwater during 
flood discharge. However, was felt that the dredge method would much 
less delayed such tailwater conditions that for this option the specifi- 
cation allowed omission the downstream cofferdam. 


SPILLWAY 


The spillway was excavated the shale-limestone bedrock the left 
abutment and arranged discharge into the downstream borrow area with 
pilot channel from there tothe river (Fig. for layout plan). Control structure 
concrete weir with eighteen 40-ft 20-ft tainter gates discharging into 
paved chute. Spillway design flood was based inflow 800,000 cfs 
with the reservoir top flood control pool which resulted spillway 
design discharge 580,000 cfs after allowing for surcharge operation. 

Considering the infrequent use anticipated for the spillway, the concrete 
chute was extended 600 and then terminated flip bucket. However, the 
design was arranged facilitate adding stilling basin experience 
change operation should show such desirable. the meantime, the large 
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permanent pool remaining the borrow area result dredging ex- 
pected provide significant stilling action for moderate discharges; for 
discharges approaching the design flood, the entire valley would flooded 
depth about ft. Between the paved chute and borrow area pool, 
small valley between two bedrock hills provided economical location for 
the discharge channel, which condition was primary factor selection 
project site. (This has also been other dams the Missouri Basin 
where not uncommon find spillway cost approaching that the em- 
bankment.) Surplus bedrock from structural excavation, mostly limestone and 
harder shale, was placed broad top dike, shown Fig. fill low 
saddle well above water surface for the design discharge. 

Fig. shows longitudinal section through the spillway structure. The 
concrete weir was founded the 24-ft thick Sallyards bed hard limestone 
overlying the 23-ft thick Roca shale, generally massive and firm shale with 
thin limestone horizons. This foundation level was adopted principally set 
the weir below the Legion shale, 14-ft bed black waxy shale between the 
Sallyards and overlying Burr limestones, and decidedly the weakest formation 
the entire spillway area from the standpoint sliding resistance. Bottom- 
ing the excavation the Sallyards limestone required only minor foundation 
cleanup and protection, and minimized the need for protecting the very fissile 
Legion shale which slaked severely matter hours after exposure. 
Slaking other shales varied from moderate most beds minor the 
well cemented Esksridge shale. Slaking vertical and steeply sloping foun- 
dation surfaces was handled preventing the shales from drying, either 
keeping them moist spraying with bituminous shale sealer. This 
sealer worked effectively reasonably dry surfaces, but did not adhere 
where the shale was moist. Since slaking results from drying, sealer not 
needed continuously moist surfaces. Hence, where seepage was insufficient 
prevent drying, was supplemented with water spraying. Horizontal and 
gently sloped foundation surfaces shale were protected with mini- 
mum thickness lean concrete, placed promptly after foundation cleanup. 

The chute was paved with 18-in. continuously slab which 
covered area about 830 wide and 530 long. was constructed 25-ft 
longitudinal lanes; reinforcement was continuous through the joints and con- 
sisted 0.2% steel each direction, located middle the slab. Expansion 
joints were provided where the slab abutted the weir, flip bucket, and side 
walls, and included waterstops. The slab was anchored the foundation with 
hooked anchors 10-ft centers, each consisting no. bar terminating 
with 4-in. plate grout filled hole. Anchor holes generally extended 
into the foundation, but were deepened near the weir reach below 
its excavation level. Those bottoming limestone for more were 
drilled 6-in. uniform diameter; those bottoming shale were belled 
18-in. diameter offset the much lower bond between grout and shale. 
This slab design was similar the continuously reinforced concrete slabs 
used much larger areas Fort Randall and Garrison Dams, except for 
frost blanket pervious material under the slab which was considered un- 
necessary for the milder climate Tuttle Creek Dam. 

The flip bucket included downstream scour key extending some 
the Howe limestone plus upstream key wall for stability event deep 
scour. Downstream the flip bucket, the 4-ft Burr limestone was left 
place for distance about 100 for the small benefit would contribute 
channel flooring. Side walls the chute utilized flat base where founded 
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limestone with key added where the foundation was shale (Fig. 10). For 
minimum earth pressure, the walls were backfilled with pervious sand, except 
for top cover impervious reduce infiltration. 

With the shales generally impervious, seepage and uplift problems the 
spillway were concerned mainly with the more open jointed limestone beds. 
Principal treatment was stage-grouted curtain extending from the dam 
across the spillway shown Fig. The curtain continued roughly 300 
beyond east end the spillway intersect fault (Fig. 1). This formed 
convenient termination for the grouting since the 30+ throw the fault 
effectively interrupted continuity seepage the limestones. control 
uplift from leakage through the grout curtain, 3-in. diameter drain holes were 
provided 10-ft centers downstream the weir (Fig. and extended along 
each side wall for about 180 ft. These were filled with pea gravel support 
the walls the hole shale beds, and were arranged discharge into the 
underslab drainage system. The latter consisted system half-round 
openings (formed half-section 12-in. cmp) the base the slab spaced 
transversely approximately 60-ft centers. Shallow drain holes penetrating 
only the upper limestones also discharged into these half-round drains. This 
drainage system discharged through collectors into the flip bucket with 
auxiliary discharge points, also provided the side walls. Here the wall 
inclined downstream provide some suction action the 
spillway discharge flowed past the walls. 

The most difficult seepage problem was the bulkheads non-overflow 
sections each end the weir, which were embedded notching into the 
shale-limestone abutments shown Fig. 11. The problem bed here was 
the 18-ft Neva limestone with its lower half network solution cavities, 
generally clay filled and often decomposed the extent rock fragments 
matrix soft clay previously discussed. Early studies considered 
concrete cutoff wall built narrow tunnel into the abutment for full height 
the Neva limestone. final design, was decided construct the equiva- 
lent such cutoff wall grouting methods, such special grouting 
addition the normal grout curtain upstream face the bulkhead. 
shown Fig. 11, grouting well was built each bulkhead for drilling hori- 
zontal grout holes least 140 into the abutment, washing out clay filled 
cavities, and refilling with grout. series horizontal drain holes was also 
provided downstream the grout cutoff, draining into the grout well and 
thence into the longitudinal drain behind each chute wall. March 1960, this 
work was underway. serious difficulties were anticipated since the grout 
well provides for flexibility performing additional grouting drilling 
more drain holes experience should show suchdesirable. Furthermore, for 
the entire length the chute walls, the lower Neva outcrop was covered 
the wall backfill sand (Fig. 10) which will serve filter prevent any 
piping out the clay cavity filling. minimize possible effects rebound 
previously grouted fissures, grouting was deferred near end 
construction and when substantially full load the spillway structure was 
place. 

the outset, possible rebound due unloading excavation was matter 
conjecture, although was expected more the order inches 
rather than the magnitude feet measured Fort Peck!! and Garri- 


«Fort Peck Dam Spillway Movement Survey,” Corps Report, Fort Peck 
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TUTTLE HILL DAM 


sonl2 Dams much younger shale. Excavation some 110 base the 
weir removed load about tons per ft, whereas load the weir 
added back was much smaller, around tons per ft. measure effect 
this net unloading, rebound gages were installed along the weir advance 
excavation (each consisting pin grouted the Sallyards limestone 
bottom drill hole) plus shallower gages upstream extending below the 
approach channel floor. Measurements showed the rebound quite small, 
around in. in. during excavation unloading plus in. the next 
observation. The latter was roughly the magnitude probable re- 
liability since the pins proved difficult read and were not entirely satis- 
factory. type rebound gage developed Oahe Dam has proven more 
satisfactory—readings obtained Bureau Reclamation type torpedo 
originally developed for measuring settlement through retractable wings 
contacting under-side annular ring the boring casing; plus utilizing 
Wilson tiltmeter measure inclination needed correct for drift hole 
from the vertical.) Principal provisions for the rebound were deferring the 
grouting previously discussed and setting the chute pavement slightly below 
the weir surface allow for some future differential rebound between the 
light slab and heavier weir. 


EXCAVATION SLOPES 


Slopes composite formations, such the alternating beds shale and 
limestone here, are not very susceptible conventional stability analyses 
using strengths derived from laboratory tests. While the shales generally 
failed tests parallel the bedding planes, nature the slope would 
controlled more strength normal the bedding. Also the harder lime- 
stones would serve the slopes and, being generally more pervious, 
contribute favorable orientation seepage forces. Hence, slope 
studies were directed principally toward observing existing railway and 
highway slopes and computing strength represented assumed safety factors 
1.0 and 1.3, then extrapolating through slope chart for the significantly 
higher slopes involved the spillway excavation. result, the shale- 
limestone slopes were established for the 90-ft maximum height 
downstream along the chute walls, and average for the 120-ft 
maximum height upstream. The lower conservatism upstream was deliberate 
for economy, since modest slide inthe spillway approach channel here would 
not seriously hamper project operation. Ample safety was desired adjacent 
the weir and was obtained widening the adjacent roadway excavation 
form parking areas which resulted 55-ft high slope the weir, 
downstream and upstream. 

Since the limestones generally broke about vertical, slope studies con- 
sidered berms located both top and bottom the major limestones. 
common practice has been place top the limestone, excavating 
the limestone vertically and the shale slope. With seepage frequently 
emerging base the limestone, this has often resulted eroding the shale 
undercut the limestone which then fell large blocks, sometimes aggra- 
vated frost wedging joints the limestone exposed surface water 
the berm top the limestone. While this erosion has not effected stability 
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the slope proper, has generally created maintenance nuisance and 
sometimes hazard. Some recent slope designs, particularly shales 
Pennsylvania and West Virginia, have attempted reduce this maintenance 
problem locating the berm shale bottom the limestone. Purpose 
require far more shale erode before undercutting the limestone; also 
reduce entrance surface water into the limestone joints the seal 
overlying shale. The latter design with berms located shale shown 
Fig. and was adopted for the more important locations effort re- 
duce maintenance. 


Construction Tuttle Creek Dam has clearly shown the practicality 
placing the sand shell modern earth dam dredging directly into the 
embankment, and also the high caliber compacted fill which can produced 
from mixture shale and limestone proper combination breakage 
blasting and manipulation the fill. The important principle adapting em- 
bankment zoning fit local materials governed the embankment design which 
worked out quite satisfactorily the construction. The use material un- 
suitable for rolled fill traffic compacted berms was definite economy 
which technique has also been applied several the large dams along the 
Missouri River. The opportunity for economical spillway was controlling 
factor site selection which has similarly been the situation numerous 
dams the Great Plains region where soft rocks require costly spillways, 
but permit economical embankments. 


Design and construction Tuttle Creek Dam has been carried out the 
Kansas City District, Corps Engineers, currently under the direction 
Colonel Laurion District Engineer. Design was guided Feil 
Chief, Engineering Division, particularly assisted Gillis Chief, 
Structures Section and Taylor Chief, Foundations and Materials 
Branch, who was succeeded the senior author the final design stage. 
Soils phases the design were handled Spiegel Chief, Soils 
Section and the junior author Project Engineer; bedrock phases 
Happ Chief, Geology Section, succeeded Golder final de- 
sign stage. Special mention should accorded Reany, Resident 
Engineer, and List and Clark Co., contractor for bulk the earthwork, 
particularly their Vice President, Joe Clark, who supplied the authors 
with most the data dredge equipment. 
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DEWATERING THE PORT ALLEN LOCK EXCAVATION 


SYNOPSIS 


Thirty-six large-diameter deep wells were installed around the top the 
excavation for Port Allen Lock forthe purpose lowering the hydrostatic head 
the deep stratum pervious sand that lies beneath the lock. Specifications 
for the project required that the number, arrangement, and capacity the wells 
and pumps capable reducing the hydrostatic head the deep sands 
level below the bottom the excavation (about -26 mlg) with river 
stage mean low gulf (mlg). was required that the ground water table 
the excavation areas and behind the excavation slopes lowered was 
needed for satisfactory construction operations. After completion the ex- 
tained more below the bottom the excavation until construction work 
would permit flooding the structure. Approval the dewatering system was 
contingent, part, its proven performance. After installation the deep 
well system, tests were made determine its adequacy. 

The observed test data indicated that the temporary and the per- 
manent wells would adequate for controlling the hydrostatic pressure the 
deep sands beneath the main portion the excavation for river stages 
el-45. Lowering the head the deep sand below the bottom the excavation 
for river stage mlg would require pumping rate about 45,000 gpm. 
This corresponds average flow about 1,250 gpm per well. The total 
well was about 500 gpm per average drawdown. The permeability 
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the deep sandstratum computed from the observed well flow and piezomet- 
ric data was about 700 per sec. Lowering the hydrostatic head 
the deep sand stratum below the bottom the excavation little effect 
drying the excavation slopes and the bottom the excavation. The three-stage 
wellpoint system installed for lowering ground water level beneath the slopes 
and excavation proved satisfactory for this purpose. 


INTRODUCTION 


Port Allen Lock located the west bank the Mississippi River about 
south Port Allen, Louisiana, and across the river from Baton Rouge, 
Louisiana. The lock site the terminal the Plaquemine-Morgan City 
Route the Intracoastal Waterway. The lock reinforced concrete, 
frame type construction and provides usable chamber wide 1,200 
long. constructed directly upon alluvial soil without bearing piles. The 
gates are the horizontally framed miter type designed for maximum lift 
ft. The floor the lock chamber -14 and the top the lock walls 
el-54 mean low floating concrete guide wall provided the 
river approach the lock; timber pile guide walls are used the canal end. 
Eight permanent relief wells were installedat the canal endof the lock pro- 
vide relief excess hydrostatic pressures that will develop the pervious 
sand stratum beneath the bottom the canal adjacent the lock when 
placed operation. 

The excavation for Port Allen Lock encompassed plan area about 
acres the top. The excavation was 1,670 long and 132 177 wide 
the bottom, deep the gate bays, and deep along the chamber por- 
tion the lock. The east endof the excavation was 1,300 from the west bank 
the Mississippi River. The location the excavation with respect the 
Mississippi River shown Fig. The excavation for the lock had average 
slopes 1-on-5.5 with slope about 1-on-3 and ditches con- 
structed the slopes intercept surface water. The excavation for the lock 
chamber extended -26 and -32 for the gate bays. 

Foundation soils the lock site are generalized Fig. They consist, 
underlain about alternating strata silt and sandy silt with 
clay strata about -50 -65. These silty soils grade into silty sands riv- 
erward from site. Belowel -50 -65 there clay 
that extends about -72 -130. Substratum sands having thickness 
about 130 underlie the silts and clays. Pleistocene silts and clays 
occur about -200, 230 below the ground surface. 

Readings from piezometers installed the deep sandstratum 1955 show 
that the hydrostatic head this stratum reflects closely the stage the Mis- 
sissippi River. maximum river stage el-45 during construction would 
create net head approximately beneath the excavation. This 
head could cause heaving the bottom the excavation and possibly some 
sand boils unless was relieved. Readings the piezometers indicated that 
the water table the upper silts andclays has relatively little correlation with 
the river stage. Apparently, there sufficient continuity the clay strata 
above the that the hydrostatic head the deepsand has relatively little 
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effect the water table the upper silts. The water table the upper silts 
and clays was generally within the ground surface elevation. 
This high water table and the pervious stratum sand under artesian pres- 
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Thirty-six large-diameter wells were installed lower the hydrostatic head 
the sands underlying the excavation. Three stages wellpoints were in- 
stalled onthe excavation slopes and inthe bottom the excavation intercept 
seepage and lower the ground water. After, the excavation was grade the 
ground water level the silt stratum beneath the excavation, and the hydro- 
static head the underlying deep sands had maintained least be- 
low the bottom the excavation for any river stage el-45. After con- 
crete the base slabs and walls and the backfill were placed el-6, and the 
drainage system behind the lock walls placed operation, the head the deep 
sand was allowed rise above the top the completed surfaces water 
surface the the ground water level the silt stratum was permit- 
ted rise provided this did not interfere with construction operations. 

Final approval the dewatering system was contingent, part, proven 
performance field tests. This paper summarizes the design the dewater- 
ing systems, tests made the systems, and evaluation the test data. 


DEWATERING SYSTEM AND ITS DESIGN 


three-stage wellpoint system was designed lower the ground water level 
ihe silts and clays least below the bottom the excavation. The re- 
sulting wellpoint system three stages wellpoints 12-ft, 10-ft, 
and 8-ft centers installed el-12, -1, and -17, respectively. Each wellpoint 
with riser was about long. The wellpoints were installed cased hole 
and were surrounded with filter sand. Each stage was connected toa 6-in. 
header pipe with two 8-in. vacuum wellpoint pumps connected each line. 
Fig. shows the excavation slope and the location the well- 
point system. The plan location the header pipes shown Fig. 

The discharge from the wellpoint system was computed insure that the 
wellpoints and sizes headers and pumps were adequate. The ini- 
tial ground water levelinthe silty soils was assumed the natural ground 
surface el-30. The horizontal permeability the silt was taken 
per sec, which value was obtained from laboratory permeability tests 
undisturbed samples. The vertical permeability the labora- 
tory was about 1/3 the horizontal permeability the same specimen. How- 
ever, because the numerous clay lenses the silt stratum, was assumed 
that 1/4 for design. Due the predominance clay strata near the 
bottom the silt stratum, was considered that the silt was bounded its 
base impervious layer. From experience, was estimated that the ef- 
fective source seepage would approximate line source parallel and 250 
from the line wellpoints. The discharge from each stage was computed 
from the equation for gravity flow inthe silt stratum, assuming 20-ft 
the header pipe, above values. The computed flows from stages 
and were 38, 50, and gpm, respectively. 

Discharge from the third stage wellpoints computed from the data 
Fig. The section Fig. has been transformed dividing the horizontal 
puted from 
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The discharge Q per ft of header was computed as follows : 
header gpm for the third stage system which has 
tota/ header length about 3550 ft. 
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The discharge, per foot header was computed follows: 


for the third stage wellpoint system which has total header length about 
3550 ft. These computations were based the assumption that the discharge 
from closely spaced wellpoints, required produce given drawdown, 
would the same that from continuous line slot. the computations the 
effect partial penetration the wellpoints the computed discharge was 
neglected. Although this procedure not exact, was considered sufficient 
this case since the computed discharge per stage was small. allowa 
margin safety, the pumps and headers for stage were selected have 
capacity least 100 gpm with minimum head loss. The wellpoint system 
described was considered adequate intercept the small flows and conduct 
them from the excavation. 


PRESSURE RELIEF SYSTEM AND ITS DESIGN 


The pressure relief system consisted temporary wells located around 
the top the excavation and permanent wells the banks the (land- 
side) canalapproach tothe lock. The locations the wells are shown Fig. 
The temporary wells were located the top the excavation slope avoid 
interference with construction the excavated area. Although only about 
temporary wells would have been required had they been located the toe 
the slope, would have been necessary lower header pipes and pumps 
various times during excavation and raise them intervals when structural 
backfill and concrete were being placed. The advantages offered locating 
wells the top the excavation were considered outweigh those 
system wells the toe the slope. 

The pressure relief wells consisted 10-in. wood stave pipe witha riser 
about 115 and screen about long. The screen contained 3/16 
-by-3-in. slots, was surrounded with 6-in. thick gravel filter, and penetrated 
about 65% the pervious sand substratum. Details typical well are shown 
Fig. Each well was provided with 10-in., impeller HC, Fairbanks- 
Morse, three-stage, deep-well turbine pump with the impeller set elevations 
ranging from -50 -60 and suction pipes extending -70. This pump has 
rated speed about 1,760 rpm and safe speed least 2,500 rpm. The 
pump capable pumping 1,300 gpm static headof about speed 
2,000 rpm. Each pump was driven either 40-horsepower diesel 50- 
horsepower butane power unit. Each well had proven capacity about 1,200 
1,300 gpm. 

The deep-well system was designed produce drawdown about ft, 
the excavation with the Mississippi River el-45. The coefficient per- 
meability the deep sand was estimated 700 10-4 per sec (0.14 
per min) from in-situ permeability versus size the 
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sand strata, and from pumping test data reported the United States Geolog- 
ical Survey, Dept. Interior (USGS), aquifer. The effective depth the sand 
aquifer was taken 100 ft. was initially considered that the wells would 
installed plan rectangle about 600 2,050 ft, and that the near bank 
the Mississippi River would simulate line source seepage. 

Actually, the wells were oval-shaped ring about 700 wide 

and 2,050 long shown Fig. flow net was drawn, shown Fig. 
compute the required discharge from the well system. For ring this 


FIG, 6.—FLOW FROM PRESSURE RELIEF WELL SYSTEM 
COMPUTED FROM FLOW NET 


size and shape the shape factor 4.2. Required total flow (Q) from the relief 
well system per foot drawdown (H-h) was computed from 


which the permeability pervious substratum 700 10-4 cm/sec 
0.14 per min, the thickness pervious substratum 100 ft, denotes 
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the factor the number flow channels, and refers tothe num- 
ber equipotential drops. 


should noted that the line wells were simulated slot that fully pene- 
trated the pervious substratum. The wells were spaced proportionally the 
flow channels sothat each well would intercept the same flow. Inthe 
design the well, was considered that the screen would have capacity 
about gpm per without excessive head loss, and that each well could pro- 
duce discharge about 1,000 gpm. this basis the total number wells 
required for the pressure relief system was computed 36. 

Subsequent tothe initial design the deep-well system, the drawdown along 
the center line the excavation was recomputed using the equations for arte- 
sian wells and design values. The drawdown was computed locations se- 
lected piezometers source seepage the near bank the Mis- 
sissippi River, and also assuming that the source seepage consisted 
oval-shaped ring about 1,500 from the ring wells. facilitate computa- 
tions, the oval-shaped ring was replaced equivalent circular ring having 


radius 2,000 ft. The line source seepage the bank the Mississippi 
River was computed from 


2. 


the coefficient permeability 700 per sec; denotes thickness 
sand stratum 100 ft; the distance from image well piezometer; 
refers the distance from well piezometer, and the flow from well 
The ring source seepage computed from 
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viously given) which the distance from the ring source seepage 
the piezometer. 

Typical values for drawdown piezometer P-5 the center the excava- 
tion are shown Table Drawdowns computedin similar manner for other 
piezometer locations are listed Table Also shown Table the head 
reduction the periphery selected wells which was computed determine 
the elevation which set the bottom the section pipe the deep-well 
turbine pumps. 

The preceding computations were made assuming that the wells fully pene- 
trated the pervious substratum. The well not affect the draw- 
down along the central portion the excavation (where the residual head would 
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tend larger than any other point within the ring wells), because the 
distance from the wells the central portion the excavation exceeded the 
radius the zone which the drawdown affected well penetration. Ac- 
cording Bennett and Barron,4 this radius about equal the 
thickness the pervious stratum, 100 Port Allen Lock. However, 


TABLE 1.—DRAWDOWN PIEZOMETER P-5, PORT ALLEN LOCK 
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TABLE 2,—COMPUTED DRAWDOWN SELECTED PIEZOMETERS AND WELLS 


Computed drawdown (H-h), feet 
Line source seepage Ring source seepage, 2,000 
Mississippi River 

70.5 80.8 56.1] 48.8 34.6 55.4 

85.7 91.8 96.3 98,0 87.8 55.0 51.2 
Note: (1) Drawdown computed from equations Table for 700 107 per 

sec, 100 ft, and 1,000 gpm per well. 

(2) Drawdown well computed assuming effective well radius 13.5 in, dis- 


tance from center well outer periphery gravel filter, 
(3) obtain drawdown when pumping wells average discharge other 
than 1,000 pgm, multiply above drawdowns 


will described, was necessary consider the fact that the water level 
partially penetrating well lower than that ina fully penetrating well 


«Design Data for Partially Penetrating Relief Wells,” Bennett and 
Barron, Proceedings, Fourth Internatl. Conf, Soil Mechanics and Foundation Engrg., 
Vol, II, London, 1957, 282 ff. 


3-6 9-38 57.8 35.3 53.3 
2-7 60.8 91.8 36.4 55.0 


pumped the same discharge. shown Table the greatest computed 
drawdown, assuming fully penetrating well system, was well 14. 
Using the procedure described Bennett and the drawdown 
wells penetrating 65% the pervious substratum was computed about 
greater, resulting maximum drawdown 101 ft. Allowing for hydrau- 
lic head loss, the drawdown well would 102 ft. river stage 
mlg, the water level well would about -57. Since was 
considered possible that the wells might pumpedat rates somewhat greater 
than 1,000 gpm, the suction pipes the deep-well turbine pumps were set 
-70, which proved satisfactory. 


PIEZOMETERS 


Piezometers were installed the silty foundation beneath the lock site and 
the underlying deep sand stratum the locations shown Figs. and 
measure the ground water leveland hydrostatic head during construction. They 
consisted 1-1/2-in. diam 24-in. brass wellpoints with No. slots attached 
1-1/2-in. diameter riser pipes. Piezometer screens insilt were surrounded 
with sand filter about in. thick. 


PERFORMANCE DEWATERING SYSTEM 


The north half the first stage wellpoint system the deepwelis 
were placed operation August 26, 1957, which time the Mississippi 
River was about el-8. This portion the wellpoint system lowered the 
ground water level the silt stratum from el-11.5 about el-2 and the flow 
from averagedabout gpm. October 10, north side the sec- 
ond stage wellpoint system was placed operation. this date the flow from 
both stages one and two onthe north side was Pumping these two 
stages lowered the ground water level about -2. Pumping the south side 


the second stage wellpoint system started October 27, 1957. The first 
and stages were pumped from that time until December 16, 1957, after 
which time the first stage was cut off. The total discharge from the first and 
second stages was about gpm; the resulting ground water level was about 
-20. 


December 16, 1957, the Mississippi River was el-24, about be- 
low the natural ground surface. seepage was observed emerging from 
the slope above the second stage when the first stage was not pumped, the first 
stage wellpoints the north slope was removed January 1958. The 
total flow second stage wellpoint system, first stage had been 
shut off, was about gpm, and the ground water level along the second stage 

wellpoints was about -18. Although the wellpoints the second stage 
extended only -25, they causeda lowering the water table piezometers 
installed beneath the bottom the excavation -35. 

The third stage the dewatering system was placed operation Febru- 
ary 1958, and the second and third stages were pumped concurrently until 
the end May 1958. During this period, the Mississippi River stage ranged 
between el-10 and the ground water level inthe silty soils beneath the 
bottom the excavation was maintained about -30. The second and third 
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stages were pumped about day during this period rate about 
gpm. From June 1958 until March 13, 1959, only the third stage wellpoint 
system was pumped. The discharge from this system was about gpm 
Mississippi River stages about and about gpm when half the 
third stage system was pumped with the Mississippi River about el-27. 

During most this period, the ground water level the silty soils was 


maintained about -25 -30, but was permitted rise gradually con- 
struction permitted. From March June 28, 1959, only the second stage 
wellpoint system was pumped because construction had progressed the ex- 
tent that pumping the third stage wellpoint system was unnecessary. The en- 

tire wellpoint system had been removed June 28, 1959. 
discharge from the wellpoint system was somewhat greater 
than computed design values cited previously. This attributed limitations 
the equation used estimate the required discharge from the system, and 
the accuracy estimating the distance the effective source seepage 
and permeability the silty soils. Although the exact value the overall per- 
the silt stratum could not determined from the observed piezo- 
metric data and wellpoint discharge, approximate value was obtained from 
observations when only the third stage wellpoints was pumped follows. 
Based the vacuum the pump, was estimated that the effective vacuum 
the wellpoint header was ft. The ground water level that would occur 
without pumping was assumed equal tothe stage the Mississippi River. Us- 
ing the previous values, source seepage 250 ft, and the equation for 
gravity flow slot Fig. the horizontal permeability was computed for 
each observed discharge, assuming the horizontal permeability equal four 
times the vertical permeability. For these values, the average horizontal per- 


meability the silt stratum was computed 1.3 per sec, 
compared the value 0.50 10-4 per sec assumed design. 

Although the observed discharges were greater than those computed de- 
sign, the wellpoint system performed satisfactorily since ample allowance 
was made designing the system sothat couldadequately handle flows con- 
siderably greater than those computed. The wellpoint system, installed ad- 
equately, lowered the ground water level inthe silty soils tothe values required 
the specifications. 


TESTS PRESSURE RELIEF SYSTEM 


November 28, 1957, test was started determine the capacity the 

temporary deep wells, the pumps and power units, and the maximum draw- 

down obtainable with the deep well system. The test was performed first 
adjusting the pumps constant speed and then observing the piezometers 
installed the deep sand and measuring the flow from the relief wells pe- 
riodic intervals. The flow from the wells was measured pitotmeter in- 
serted the 8-in. discharge line from the deep-well turbine pump. obtain 
sufficient back pressure operate the pitotmeter, was necessary insert 

4-in. wide paddle into slot the top the 8-in. discharge line from the 
pump. The total flow from the relief well system was checked measuring 

the flow the two collector ditches for the well discharge means mid- 

get Gurley flow meter. 
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DEEP WELLS 


November 28, 1957, each pump the temporary wells was adjusted 
operate average speed 1,760 rpm. November 29, the average 
well flow was about 990 determined from the pitotmeter measurements. 
However, Since the paddle inserted operate the pitotmeter 
back pressure 7.3 flow 1,050 gpm, and 9.2 1,200 gpm, the 
flow measured the pitotmeter had corrected for back pressure the 
pump orderto obtainthe flow that occurred without paddle inthe discharge 
line. The correction factor was obtained from the pump characteristic curve 
for impeller the basis total pumping head without the paddle 
and 87.3 withthe paddle. The correction factor amounted 5%. Thus, 
the average flow per wellas measured pitotmeter for back 
pressure was 1,030 gpm. The average well flow obtained from measure- 
ments the collector ditches November 29, was 1,028 gpm, which checked 
that measured the pitotmeter closely. December 1957, the flow from 
the wells was again measured. The average flow per well obtained from the 
pitotmeter and corrected for back pressure was 1,010 gpm. The average flow 
obtained from the measurements the collector ditch was 1,150 gpm. Based 
these measurements, the average flow per well during the test was consid- 
ered 1,020 gpm. 

Readings piezometers December 1957, are plotted Fig. 
Drawdowns three selected piezometers P-5,and P-8) during 
the test are plotted versus time Fig. shown Fig. piezometers P-4 
and P-8 are near the river and canal ends the lock, respectively, and piezo- 
meter P-5 the center the lock. The drawdown plotted Fig. the 
difference between the Mississippi River stage and the piezometer reading. 
Although the drawdowns are somewhat erratic due the effect adjustments 
that had made the pumps during the test, there tendency for the 
drawdown increase withtime. Thus, curves best fit were drawn straight 
lines the semi-log plots Fig. reflect this increase in-drawdown with 
time accordance with Jacob’s5 theory. 

From Fig. appearsthat the drawdown observed after pumping the pres- 
sure relief system constant rate for days will about greater than 
that the end the first day. the Mississippi River were rise el-45 
for least days, therefore, the drawdown the end days was used 
the effective drawdown produced the system. shown the draw- 


down piezometers P-4, P-5, and P-8, after pumping the temporary wells 
days average discharge 1,020 gpm, was 68.6 ft, 65.3 ft, and 47.8 ft, 
respectively. 


Computed drawdowns for for aline source seepage the Mis- 
sissippi River for wells through 38, pumped flow 1,020 gpm per well, 
are plotted Fig. The drawdown observed during the pumping test inter- 
mediate between that computed for line source and that for ring source. 
comparison between the computed andobserved drawdown the deep sand for 
piezometers P-4, P-5, and P-8 shown for this test Table under well 
group From this table, seen that the observed drawdowns range from 
67% 88% the drawdown computed for line source, and from 136% 


“Drawdown Test Determine Effective Radius Artesian Well,” Jacob, 
Transactions, ASCE, Vol, 112, 1947, 1047, 
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FIG. 7.—DRAWDOWN TIME DURING TEST FROM 
NOV. DEC, 1957 
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that computed assuming ring source seepage. seen from Table 
the drawdown near the canalor landwardend the well system was only about 
67% that computed assuming line source seepage the Mississippi 
River. Therefore, the flow toward this portion the well system exceeded 
that computed. This attributed, part, the pervious substratum having 
greater thickness (130 ft) landward from the than the value (100 
ft) used design (Fig. 2). 
Since none the permanent wells were pumped during the tests, and since 
was planned pump six these eight wells (wells through the river 
stage approached el-45, was necessary estimate the additional drawdown 
gpm per well. This was done computing the drawdown piezometers P-4, 
P-5, and P-8, assuming line source seepage and multiplying computed 


drawdowns correction factors 88%, 83%, and 67%, respectively (Table 4). 
The drawdown the same piezometers also was computed assuming ring 
source seepage and multiplying the computed drawdown piezometers P-4, 
P-5, and P-8 correction factors 120%, 131%, and 140%, respectively. 
The two drawdowns computed for given piezometer the preceding manner 
were then averaged shown Table 

Based these computations, was estimated that total drawdown 74.4 
ft, 75.6 ft, and 68.3 would produced piezometers P-4, P-5, and P-8, 
respectively, wells through additiontowells through were pumped 
discharge 1,020 gpm. The total drawdown produced pumping this 
combination wells atan average discharge 1,020 gpm Fig. 

down somewhat less thanthe maximum would required for 
Mississippi River stage el-45. Thus, was apparent that pumping wells 
through and through ata discharge 1,020 gpm per well would not 
quite produce the required drawdown, should the Mississippi River el-45 
with the excavation grade. 
Since pumping wells discharge 1,020 gpm would not produce the 
required maximum drawdown, was necessary todetermine the maximum safe 
capacity the wells, turbine pumps, and power units for computing the draw- 
down that could produced pumping the wells greater discharge. 
January 1958, tests were made six wells determine the increase 
well discharge obtainable increasing the speedof the pump. the time the 
individual well and pump were tested, all the remaining temporary wells 
were being pumpedat speedof about 1,760 rpm anda discharge about 1,020 
gpm. During this time the water table the deep sand was about -35 
piezometers P-4 and P-5. Thus, the head the pumps being tested was 
high would required for maximum drawdown. this date the Mississippi 
River was about el-28. The results the tests the wells indicated 
average discharge about 1,020 gpm 1,760 rpm, which increased linearly 
with pump speed 1,370 gpm 2,150 rpm. speed 2,000 rpm the dis- 
charge 1,230 gpm. 

Later January 1958, all the pumps the temporary wells were 
set speed 1,970 rpm, and January the average well flow, mea- 
sured the collector ditches, was 1,320 gpm per well. Because the dis- 
crepancy December 1957, between well flow measured the ditch and 
that measured the pitotmeter, the well flow January 1958 was computed 
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from the pump speed and estimated head the pump serve check 
the flow measured the ditch. The flow computed this manner was 1,130 
gpm, which about 15% less thanthe flow measured the ditch. Because the 
drawdown produced artesian stratum increases linearly with well dis- 
charge, and since the January was about 111% that the end 
the first day the November December test when the discharge per 


TABLE 4,—ESTIMATED MAXIMUM CAPACITY PRESSURE RELIEF SYSTEM 


re- 
Computed Corrected quired 
drawdown factor computed draw- 
percent drawdown down 


P-5 49.7 65.3 
P-8 35,2 47.9 
P-5 59.9 78.7 
P-8 42.5 57.8 
P-5 
P-5 
P-5 
P-8 


Obtained from Table for well group 
Drawdown expected after pumping indicated discharge for days. 


Drawdown for head deep sand lowered below bottom excavation with exca- 
vation grade and Mississippi River 45, 


well was 1,020 gpm, believed that January the discharge per well 
was 1.11 times 1,020 gpm 1,130 gpm, which agrees with the value computed 
from the pump rating curves. 

The drawdown produced inthe deep sand during this test shown Fig. 
Since this drawdown was not great enough, the would produced 
wells through were also pumped ata rate 1,130 gpm was 
ing the procedure described above. The results these computations are 


Avg 
Group wells |Speed well No. ted 
down 
Line |Ring |Line |Ring |Line 

9-38 
9-38 
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9-38 

\ 


= 
= 


is 


shown Table and indicate that drawdowns 82.4 ft, 83.8 ft, and 75.7 
would produced piezometers P-4, P-5, and P-8, respectively, the 
wells were pumped rate 1,130 gpm. seen from Table the draw- 
down piezometer P-4 (canal end gate bay) did not meet the required maxi- 
mum drawdown about ft, even though the drawdown beneath the remainder 
the excavation was adequate. 

From the preceding, was concluded that would necessary pump all 
wells adischarge excess 1,130 gpmor else pump the river end wells 
1,130 gpm and the canalend wells excess 1,130 gpm obtain the 
maximum required drawdown. was estimated from the pump rating curves 
that the pumps were operated speed about 2,000 rpm, discharge 
about 1,230 gpm could produced from each well for the lowest water level 
required. The drawdowns obtainable pumping the temporary wells 
discharge 1,230 gpm were computed and are shown Table 

From Table itis apparent that pumping the temporary wells this dis- 
charge would produce the required maximum drawdown inthe deepsand beneath 
the river end half the excavation. However, since these wells could not 
satisfactorily lower the ground water level the maximum amount required 
the canalend gate bay for Mississippi River stage el-45, was necessary 
determine the additional drawdown that could produced pumping per- 
manent wells through discharge 1,230 gpm. This was accomplished 
computing the drawdown piezometers P-4, P-5, and P-8, for both line 
source and ring source seepage, multiplying the computed values the ap- 
propriate correction factors (ratio observed computed drawdown for well 
group table averaging the results for each piezometer. These com- 
putations are summarized Table The resulting total drawdown shown 
Fig. asthe observed drawdown adjusted for wells through through 
pumped average discharge 1,230 gpm. From Table and Fig. 
apparent that pumping these wells average discharge 1,230 gpm 
(pump speed equal 2,000 rpm) will produce drawdown slightly greater than 
the required maximum drawdown for the Mississippi River el-45. 

From the results these pumping tests, was concluded that the deep well 
system was adequate relieve hydrostatic pressures inthe deep sand stratum 
during construction Port Allen Lock, but that would necessary pump 


1,230 gpm produce the required drawdown for Mississippi River stage 
mlg. 


PERFORMANCE PRESSURE RELIEF SYSTEM 


Piezometers were observedat frequent intervals during construction de- 
termine whether the pressure relief system was being operated accordance 
with specified requirements. Flow fromthe system was measured about month- 
and more frequent intervals during high river stages check the per- 
formance the system. Piezometric data for selected dates during construc- 
tion are plotted Fig. general, the pressure relief well system lowered 
the hydrostatic head the deep sand stratum required values. This was 
accomplished altering the number wells pumped and the pump speed 
various times, with the number wells pumped being increased during high 
river stages. 
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The Mississippi River reached maximum stage about el-28 January 
1958. During this stage, the drawdown the center the excavation mea- 
sured piezometer P-5 was Thirty wells were pumped discharge 
about 34,000 gpm produce this drawdown. August 1958, the river again 
rose el-28, and wells were pumped discharge 27,900 gpm pro- 
duce drawdown ft. The corresponding tothese draw- 
downs were below those required the specifications, were the piezometric 
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drawdown determined asMiss. stage 

minus reading ofpiezometer P-5 


Required 
drawdown 


Average below Mississippi River stage feet 


well flow 1000 gpm 


DISCHARGE FROM PRESSURE RELIEF SYSTEM 
AVERAGE DRAWDOWN DEEP SAND 


levels the other piezometers the deep sand. November 1959, most 
the concrete the lock structure had been placed, and the sand backfill be- 
hind the lock walls had been placed about el-12. that time, the pres- 
sure relief system had performed entirely satisfactorily. 

Piezometric data obtained from August 25, 1957, December 1957, in- 
dicated that the ground water level the silt stratum was not greatly affected 
lowering the hydrostatic head the deep sand stratum. The water table 
the silt stratum fell slowly (2.5 per month) until parts the second 
stage wellpoint system were operated. This rate fall was about equal 


+ 

100 

Sept 


observedinthe 1955 low water season before any wells had been installed. The 
fact that lowering the head the deep sand caused little significant low- 
ering ground water the silt attributed the silt containing numerous 
clay lenses and strata and the predominance clay strata the lower portion 
the silt stratum. 

The discharge from the pressure relief system, observed during the pump- 
ing tests and subsequent construction plotted Fig. versus the average 
drawdown the deep observedat piezometer P-5. seen from 
this figure, the discharge was about 500 gpm per average drawdown. Had 
the Mississippi River risento el-45 when the excavation was tograde, would 
have been necessary produce maximum drawdown the gate bays 
(piezometers P-4 and P-8) and beneath the lock chamber (piezometer 
P-5). lower the pressure the deep sand stratum beneath the center 
the excavation, would have requireda total discharge about 38,000 gpm 
(Fig. 9). produce the required drawdown (82 ft) beneath the canalend gate 
bay pumping wells the same discharge would result drawdown 
about beneath the center the excavation, shown Table For this 
drawdown the required discharge from Fig. 45,000 gpm 1,250 gpm per 
well. This value compares favorably with the 1,230 gpm per well Table 
The pressure relief system has adequate capacity intercept this flow and 
pump from the deep sand stratum beneath the excavation. 


SUMMARY AND CONCLUSIONS 


the basis the pumping tests, analyses, and observed performance 
the dewatering system, the following conclusions are noted. 


The deep well system would satisfactorily reduce the hydrostatic pres- 
sure the deep sands underlying the excavation. Lowering the hydrostatic 
head the deep sand stratum did not have appreciable effect drying the 
excavation slopes and bottom the excavation. The temporary wells and 
the permanent wells were adequate for controlling the head the deep 
sands for river stages el-45. 

flow about 44,000 45,000 gpm indicated for river stage 
el-45 with the excavation final grade. This corresponds average 
flow about 1,230 gpm per well with wells being pumped. 

The observed drawdown the deep sand stratum was intermediate be- 
tween that computed for groupof artesian wells with aline source the near 
bank the Mississippi River and for ring source seepage having radius 
2,000 ft. Ingeneral, the flow intercepted the landward portion the pres- 
sure relief system greater than that computed assuming line source 
seepage the Mississippi River. This attributed, part, the greater 
thickness the pervious sand stratum landward from the dewatering system. 

The average permeability the deep sand stratum about 700 10-4 
per 

The three-stage wellpoint system installed the slopes satisfactorily 
lowered the ground water level the slopes and the bottom the excava- 
tion. The maximum discharge per stage this system was about 120 gpm. 
Although the exact value the permeability the silt stratum could not de- 
termined from the piezometric and wellpoint discharge data, believed that 


the overall horizontal permeability the silt stratum about 1.3 10-4 
per sec. 
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The discharges were slightly com- 
puted design, however, the wellpoint system performed satisfactorily since 
ample allowance was made designing the system that could adequately 
handle flows considerably greater than those computed design. 
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STRESS CONDITIONS TRIAXIAL COMPRESSION 


Balla! 


SYNOPSIS 


new solution developed for the stress conditions cylindrical test 
specimen with any length-diameter ratio and subjected axial and radial ex- 
ternal loads. The influence restraint, exerted stiff loading plates with 
and degree roughness, considered introduction simplified rough- 
ness function. Numerical solutions are presented for test specimen with 
length-diameter ratio maximum roughness the loading plates. 


SOLUTION STRESS CONDITIONS TRIAXIAL COMPRESSION 


Triaxial Compression Test One the Problems the Theory Elas- 
ticity.—Among the tests executed soil mechanics laboratories, rather im- 
portant place taken the investigations used determine the shearing 
strength the soil. The shearing strength the soil was formerly deter- 
mined shearing test, but recently the triaxial compression test more 
and more gaining ground and plays increasingly important role. From the 
theoretical point view well respect the practical application 
the results obtained the laboratory, very interesting problem arises; that 
is, what stresses occur thetest specimen during the test 
The present paper deals with this problem. full knowledge the stress 
specimen applied the triaxial test, two questions, considerable impor- 
tance from the experimental point view, require elucidation: How the re- 
sult the test affected the slenderness the specimen and how the 

roughness the loading plate 


written request must filed with the Executive Secretary, This paper part 

the copyrighted Journal the Soil Mechanics Division, Proceedings the American 
Society Civil Engineers, 86, No. December, 


Note.—Discussion open until May 1961, extend the closing date one month, 
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introduction our considerations wish examine the boundary 
conditions induced the shape the test specimen, the manner the 
transmission the external load, and the deformations. 

The test specimen triaxial compressiontest cylindrical form 
with its axis vertical position. The top and bottom surfaces the test 
specimen communicate with rigid, rough loading plate. The vertical external 
loading force applied upon the upper loading plate inthe middle the latter; 
that is, the center line the test specimen, while the bottom surface there 
arises reacting force identical value, but opposed sense. 


FIG, 


horizontal and radial lateral pressure. manifested the shape the test 
specmen and the character the stress conditions are axial 
symmetry (Fig. 1). Tangential stresses not act the mantle surface 
the specimen. Because the rigidity the loading plates, the top and bottom 
surfaces the test specimen are displaced under the influence the load 
paralleling them; they are not deformed. The the test spec- 
imen can undergo arbitrary deformations. 


> 


Thus the solution the stress conditions must satisfy all boundary condi- 
tions. 

The problem will discussed the basis the theory elasticity 
cylindrical coordinate system (Fig. 1). 

Basic Relationships the Theory Elasticity.—The starting point for the 
theory elasticity shown Fig. case axial symmetry and disre- 
garding the dead weight, the stresses acting the elementary particles 
the specimen satisfy the following equations equilibrium: 


which ox, and are the normal stresses acting point the 
shearing stress acting point and and denote the cylindrical co- 
ordinates determining the location the test specimen the arbitrary point 


The geometrical equations are 


which and are the specific longitudinal variations occurring 
point and are the displacement point the and directions; and 
the angular displacement occurring point 

The solution must also satisfy the so-called equations compatibility. 

the case axially symmetrical stress conditions so-called stress 
function can noted. The stresses deduced from the stress function must 
satisfy the equations equilibrium well the equations compatibility 
relative the compatibility the deformations. 

The satisfying the equations equilibrium and compatibility, 
satisfies the following differential equation: 


which the differential operator. 


The stress and deformation components can expressed the stress 
functions 


r r 6 

and 

and 
ap 
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and 
(10) 


which Poisson’s ratio and the modulus elasticity. 

The Stress Function Constituting the Solution the Problem.—The solutions 
the partial differential equation the fourth degree can constituted 
certain polynomes the products Bessel’s function and expres- 
sions consisting sine The total solution their sum. 

account the conditions postulated symmetry, can figure the pol- 
ynomes with uneven exponent and with even exponent, the polynomes, 
however, can any degree. 

express the stress function which constitutes the solution is, consequent- 
ly, Synonymous withthe following problem: Polynomes what degree must 
added obtain adequate number unknown coefficients order 
satisfy the boundary conditions and, the same time, not obtain too intri- 
cate 

the basis such considerations, taking certain symmetry conditions 


already into account and using suitable symbols, shall start from the follow- 
ing stress function: 


the zero order with imaginary argument; denotes the radius the cylin- 

drical test specimen; and (ir) Bessel’s function the first order with 

imaginary argument. 
the stress function 


: 


should emphasized that the solution Eq. not exclusive one; 
adding polynomes 


and 


other polynomes similarform, which, however, the coefficients must 
the relationships indicated Eq. 4,further stress functions are ob- 
tained, which are more involved than Eq. 11. these equations and 
are coefficients Fournier’s series. 

Stress and Deformation Components.—By means Eqs. through 10, the 
expressions stresses and deformations can deduced from the stress 


function, Eq. 11: 
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Determination the Constants the Basis Boundary Conditions —In the 
stress function, Eq. 11,as well the expressions stresses and deforma- 
The values these constants are determined the basis the boundary con- 
ditions. 

First Boundary Condition.—The top and bottom surfaces the cylinder re- 
main plane even after deformation and are displaced parallel with themselves; 


Eq. the multiplication factors the members containing are equal 
zero: 


iw. % 


and 


From 


and 
trary positive integers. 
follows that the products the multiplication Bessel’s functions 
sine cosine occur infinitely often, and all their coefficients are different 
4 
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An, Substituting Eqs. and 23, Eqs. through take the following 
form: 
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Second Boundary horizontal radial stress atthe mantle sur- 
face constant and equal o3. 


the basis this condition, with application Fourier’s series, 
obtain 


and 


Third Boundary Condition.—The value the tangential stresses the man- 
tle surface zero. pointr=R 


n=1 
and 
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Comparing Eq. with Eq. 30c obtain the relationship between and 


With simplified notation: 


Substituting this expression into Eq. and introducing the notation 


obtain 


R/H) nV, 


Fourth Boundary external force acting upon the loading plate 
and the resultant the vertical stresses transmitted from the plate the test 
specimen are equal; that is, there exists equilibrium: 


27R 


which P/R2n, the average stress acting upon the loading plate. 
then obtain: 


27R 


7 n=1 n 


and 


From and 40, the values and can expressed 


(41) 
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which the lateral pressure acting upon the mantle surface the cyl- 
inder. 


Thus the seven original unknowns can expressed single coefficient, 

Consideration the Roughness the Loading Plate.—In order deter- 
mine the constant which appears the equations which constitute the solu- 
tion the stress conditions, certain boundary condition must introduced 
assumption must accepted. contradiction with the conditions dis- 
cussed previously, the condition which going applied here theoreti- 
cally not close-limit condition but disputable one. 

This constant should, the writer’s opinion, applied for the characteri- 
zation the roughness the loading plate evident that exerts some 
influence the stresses and deformations, influence that has been disre- 
garded now. 

The assumption applied here must, any case, regarded just 
approximation because have knowledge experimental results con- 
cerning conditions roughness the loading plate and the relative displace- 
ments occurring itand because, the other hand, the introduction more 
exact values would present mathematical difficulties. Therefore, one must 
endeavor operate with assumption that mathematically simple, but 
nevertheless reflects actual conditions satisfactory extent. 

Let the roughness the loading plate characterized the coefficient 
the surface friction From the point view the theoretical solution, 
not essential whether the numerical value the coefficient surface friction 
not; sufficient stipulate that the numerical value the co- 
efficient the surface friction should very from 

The assumption which wish determine the constant this: The 
radial horizontal displacements the peripheral points situated the end— 
surface the test specimen change inversely with the coefficient the sur- 
face friction which characteristic the roughness the loading plate (that 
is, they change with the ratio the radial integral—resultant—of the shear 
stresses and normal stresses), and afirst approximation, one can take this 
change linear. the loading plate perfectly smooth and frictionless 
the coefficient the surface friction attains its maximum con- 
straint will also greatest, and this will manifest itself through the fact that 
the points the periphery will execute outward movement and will remain 
their place 0). 

This assumption accordance withthe observations made the course 
the tests. this case: 


q 
ic 
PHR 
Let introduce the factor 
PHR 


and let determine the value the loading perfectly 
smooth, the vertical and radial directions represent everywhere chief stress 
this case 
Substituting values and into Eq. 28: 


R/H) 


Let now introduce the notation 


(in 
n=1 


Substituting Eqs. and into Eq. and considering the notations quoted 
Eqs. and 47, the following final result obtained: 


(48) 


Thus all constants the equations are determined. 
Stress and Deformations.—The value having been determined (Eq. 48) 
the stresses and deformations are follows: 
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34, 35, 36, and 37, the following abbreviations have been used: 
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and 
iJ, 


order simplify the computations, let introduce some additional ab- 


breviations. 


nV, 


STRESS CONDITIONS 


and 


applying these abbreviations, the formulas canbe written ina simplified 
form, 


ial 


and 
PRACTICAL APPLICATION THE STRESS CONDITIONS 
FIELD SOIL MECHANICS 


Applicability the Theory Elasticity.—In the first part this paper, the 
discussion concerning stress conditions triaxial compression was based 
the theory elasticity. should emphasized that the author regards the 
first the more important part this paper, that the part containing the 
theoretically close-limit solution the problem stress conditions the 
more important part. There exist, however, several practical applications 
this solution. 

Among the one the possibilities lies the field 
soil mechanics. mentioned previously, means triaxial compres- 
sion tests that the shearing strength soils course the ques- 
tion arises asto whether the results obtained this manner are applicable 
soils. The theoretical relationships obtained herein, well the numerical 
discussed are, strictly speaking, valid for elastic materials only. 

When investigating stress conditions triaxial compression for soil me- 

get acquaintedwith the character stress distribution and deformation, com- 
pute their approximate order magnitude, and obtain idea the influence 


the various factors. 
founding our discussion the problem question such considerations, 
the results obtained can applied also soil mechanics, because the character 
the distribution stresses actually occurring will, presumably, similar 


that obtained theoretical basis. The theoretical part the science 

soil mechanics relying largely the theory elasticity. Therefore, the 
given case, the application the theory elasticity justified least 
much the case other soil mechanics problems. 
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Calculation the Stress Conditions Cylinder with Slenderness 
H/R 2.—The height diameter ration (slenderness) test specimens used 
soil mechanics laboratories usually H/R 

The absolute dimensions the cylinder are significance, because Eqs. 
through show that the stresses depend only the slenderness factor H/R, 
and not the absolute dimensions. The value Poisson’s ratio has been 
=1) discussed from the point view the roughness the loading 
plate. 


TABLE 


1,4279 


With regard axial symmetry, sufficient one single vertical 
section and, within its limits, quarter the whole section the test speci- 
men. the chosen quarter the plane section thirty-six points are marked 
out and computedin connection with the values the stresses. The first task 
consists determination the numerical values Bessel’s functions 
(Table 1). that the values the auxiliary quantities and 
(Table depend the value used the computation (Eqs. 


r/R 
TABLE 


4 

a: 


bi 


December, 1960 


TABLE 


x 


Fox 


For 


DF, 


Fox 


+0.025 


For -0.241 


0.4 


For 


+1. 

0.2 


ig 


n=1 


After the substitution the numerical values, the expressions 


STRESS CONDITIONS 


and 56), after this the value the constants and (Eqs. and 58) will 
computed. 
The next step the computation functions Fgg and and, 
this done, the determination the numerical values expressions like 


Fox and The results are indicated Table 


and used Eqs. through assume the form. 


1.0 


0.8 


0.6 


0.4 


0.2 


TABLE 


ox? 


0.9409 
0.8979 
0.2743 


+ 0 | 4 


n=1 


n=1 
and 
n=1 


Table shows the computations that have been completed for the points indi- 


Ge = 0.5 dor | (1 - tor | 0g 


and 


T = 0.5 O74 - 03 


Using the values indicated Table the stresses acting the examined 
points the specimen can expressed functions ofexternal loading stresses 
and (Table 5). The table gives good cross section and permits, 
means the given numerical values, quick computation the values the 


stresses any point the test specimen and under any stress. 
The infinite series figuring the expressions generally converge quickly 
enough, that using mechanical computer the stress values were com- 
puted with the desired accuracy almost everywhere. 
n= 
must mentioned. Here the infinite series converges rather slowly and, 
therefore, the computation could not executed with the desirable accuracy 
and had apply certain approximation. electronic computer had 
been used, this fault could have been avoided. consequence the ap- 
proximation, the numerical value should regarded approximate 
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must pointed out that the dimension the external loading stresses 


can arbitrary while the stresses occurring the interior the test spec- 
imen must, naturally, understood the same dimension. 


TABLE 


The stress condition the test specimen characterized the intensity 
the tangential stresses. 


The so-called octahedral shearing stress and the intensity the tangential 
stresses assume the following relationship: 


3.623 3.629 3.650 3.707 3.885 5.530 
|0.983 0.983 0.984 0.986 0.991 1.005 


STRESS CONDITIONS 


TABLE 


r/R 

1.0 0.113 0.150 0.230 0.334 0.501 1.018 

0.8 0.485 0.491 0.535 0.549 0.500 

0.6 0.605 0.602 0.586 0.564 0.533 

0.4 0.608 0.604 0.589 0.572 0.555 

0.591 0.590 0.570 0.578 0.576 

1.0 0.353 0.382 0.463 0.581 0.741 

0.8 0.405 0.443 0.500 0.526 

0.6 0.630 0.618 0.595 0.550 0.457 

0.4 0.638 0.600 0.574 0.544 

0.600 0.599 0.593 0.585 0.580 0.574 

1.0 0.465 0.466 0.470 0.472 0.463 


4 


| 

AB. 
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FIG, 


TABLE 


r/R 


10 
1.0 0.524 0.519 0.511 0.500 0.297 
0.8 0.336 0.327 0.314 0.307 0.327 
0.6 0.275 0.276 0.284 0.319 
0.4 0.274 0.278 0.283 0,297 
0.2 0.280 0.281 0.286 0.288 0.288 
0.283 0.283 0.284 0.286 0.289 
1,0 0.800 0.844 0.935 1,105 1,391 
0.8 1,535 1,555 1,588 1,635 1,578 
0.6 1.780 1,752 1,710 1,610 
0.4 1,795 1.790 1.776 1,730 1.700 
0.8 2,510 2,620 2.710 2,766 
0.2 2,931 2,910 2,893 2,890 


The reduced stress differs from the intensity the tangential stresses only 
constant factor: 


Crea = V3 To eevee ee ee (79) 


Thus the intensity the tangential stresses for various loads have been 


Pickett: 
~Newmark 


Ratio r/R 
FIG. 


The case represents that unaxial compression Fig. 3(a) 
dial stress acts test specimen 3(b), Table 7(b)) which 


=1, surroundings the top surface H), the intens- 


ity the tangential stresses rather small the test specimen Fig. 3(c), 
Table 


97 
ig 
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intensity the tangential stresses can well observed and Table 8). 
shouldbe pointed out that the case and represents special 
case. 

is, which and the ratio the two external stresses the 
chief stress directions andthe values the individual stresses are constant 
every point the specimen. 

Comparison with the Existing Theoretical Results.—Many 
research workers have concerned themselves with the stress condition the 
cylindrical test specimens. and Newmark2 have solved 
the stress conditions the cylinder taking the lattice structure basis. 
The comparison the two methods allthe more interesting the two solu- 
tions follow entirely different lines. 

The been case uniaxial compression test 
using test specimen with slenderness H/R=1 and roughness 
(Fig. 5). The value stresses, based the work D’Appolonia and New- 
mark, compared with the results this paper (Fig. 5). The comparison 
with the existing theoretical results are shown also Fig. shows also 
the results presented the paper and Pickett.4 The 
comparison has been made side-by-side reproducing the values com- 
puted the different theories concerning stress condition acting the end 
plate. 

Mr. Hvorslev has made some very interesting stress measurements 
the United States the Corps Engineers Waterways Experiment Station, 
Vicksburg, Miss. The comparison made with these results shown Fig. 
shall seen, the coincidence quite satisfactory. 

All existing theories apply the boundary condition, according which 
point the bottom andtop surfaces displaced its own plane, that is, con- 
straint perfect. other hand, this paper offers some opportunity for 
the consideration roughness and, even inthe extreme case 1), the writer 
has only stipulated that the outward points the limiting surfaces are not dis- 
placed. spite this, the agreement good, from which can concluded 
that our supposition, introduced for the cosideration roughness, 
good enough. for the case full constraint, gives almost diver- 
gence, whereas the other hand presents the considera- 
tion different degrees roughness and, for the case frictionless loading 


Method for Solution the Restrained Cylinder under Axial Compression,” 
D’Appolonia and Newmark, Proceedings, First Natl. Conf. Applied 
Mechanics, Soc. Mech, 1951, pp. 217-226. 


“The Elastic Equilibrium Circular Cylinders under Certain Practical Systems 


Load,” Filon, Philosophical Transactions, Royal Soc., Series Vol. 198, 
London, 1902, pp. 


the Fourier Method the Solution Certain Boundary Problems 


the Theory Elasticity,” Pickett, Journal Applied Mechanics, Amer. Mech. 
Engrg., Vol. 1944, 


Discussion Hvorslev, Proceedings the Fourth Conf, Soil Me- 
chanics and Foundation Engrg., Vol. 1957, 105, 
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STRESS CONDITIONS 


plate 0), the formulas lead back the known specific case 


APPENDIX NOTATION 


the cylindrical coordinates determining the place 
arbitrary point the test specimen, 


the shearing stress acting point 


the angular displacement occurring point 

the displacement point Qin the directions and 
the half-height the cylindrical test specimen, 
the radius the cylindrical test specimen, 


the modulus elasticity, 


Poisson’s ratio, 


the stress function, 


Bessel’sfunction the zero order with imaginary 
argument, 
(ir) Bessel’s function the first order with imaginary 
argument, 
G,k 


coefficients figuring the solution, 
the coefficient the surface friction, 


maximum the coefficient the surface friction, 


ratio, 


external loading strengthtransmitted the upper load- 
ing plate, 


average stress acting upon the loading plate, 


lateral pressure acting upon the mantle surface the 
cylinder, 


differential operator, 
coefficients Fourier’s series 


ete. arbitrary positive integers, 
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expressions conditional and r/R, 


expressions conditional x/H and r/R, 


reduced shearing stress, intensity stresses, 


soil characteristic expressing the plastic state. 
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paper part the copyrighted Journal the Soil Mechanics and Foun- 
dations Division, Proceedings the American Society Civil Engineers, Vol. 86, No. 
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STATISTICAL STUDY SOIL 


Closure Thomas Thornburn and Wesley Larsen 
ASCE.—The authors are indebted Mr. Focht, Jr. for raising very 
interesting and important point discussion. There doubt that portion 


the variation index properties among samples taken from given soil 

horizon attributable variations inherent the testing technique. How- 

ever, the fact that this not major portion the variation can shown 

comparison the writers’ data with that quoted the discussion. 

The values given the table the summary indicate the precision with 

which the mean value given index property can determined for en- 

tire population the basis tests made only five samples taken from 

that population. Furthermore, the percentages given there are not stated 

terms the mean value but rather liquid limit, plasticity index 

clay content all which are expressed percentage values. ex- 

ample, let suppose that the average liquid limit value five samples 

taken from similar soil horizons 40%. The summary table then indicates 

that there 95% probability that the population mean liquid limit that 

particular soil horizon will between 33.5% and 46.5% (40.0 6.5%). 

order examine the range individual values which make the 

sample means, one must refer Columns and Table the ranges 

between maximum and minimum liquid limit values are expressed per- 

centages their respective means they are found vary from 24% 52%. 

These values are significantly greater than the 10% scatter which appears 

attributable testing technique. The degree dispersion individual 

values from the meanofanormally distributed population given statistically 

the standard deviation the coefficient variation (the standard deviation 

expressed percentage the mean). For the soils tested, these statistics 

are given Columns and Table The range all possible liquid limit 

values for particular soil horizon may estimated, with 95% probability, 

the mean liquid limit (basedon10samples) 2.26 times the standard devi- 

ationation (or coefficient variation). the coefficient variation used 
the ranges for the soil horizons tested this study become 


sample mean liquid limit 15.8 35.7%. 
Thus, may seen that the probable range variation individual test 
values from the mean liquid limit value given soil horizon not the 


October, 1959, Thomas Thornburn and Wesley 
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Nevertheless, the importance variations due sample preparation and 
testing technique should not overlooked. Additional statestical studies 
these variations are needed for the guidance the engineer. 
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MAJOR POWER STATION FOUNDATION BROKEN LIMESTONE* 


limestone which has been subjected extensive solution are probably the 
most difficult faced the engineer, yet surprisingly little has been published 
dealing with foundations for structures under these conditions. Mr. Peck’s 
discussion most welcome since points the wide variations and condi- 
tions which may occur within very short distance and why completely 
different methods founding were required for various portions single 
structure. 


Stone Webster Engineering Corp., Boston, 
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LINEARLY VARIABLE LOAD DISTRIBUTION 
RECTANGULAR 


Closure Aris Stamatopoulos 


ARIS ASCE.—Mr. Ambraseys developed inter- 
esting equations and graphs which contribute the solution stress distri- 
bution under linearly variable unit load. particular, the graph giving the 
variation vertical stress under the unloaded corner the rectangular 
foundation (Fig. gives full picture the effect the ratio the two 
sides the rectangle the variation the vertical stress. 


Soil and Foundations Athens, 
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SOIL STRUCTURE AND THE STEP-STRAIN 


Discussion John McRae 


JOHN McRAE, ASCE.—Although the writer not entirely ac- 
cord with the authors’ hypothesis, believes that they have made definite 
contribution regarding the possible mechanics soil structure for com- 
posite soil. Such imaginative approach this highly complex problem will 
surely helf stimulate progress toward rational theory compacted soil 
structure. Certainly, sound theory compacted soil structure greatly 
needed for very practical reasons related primarily tothe need for fabricating 
and testing laboratory specimens from which data shear, consolidation, 
permeability, and forth, are obtained for design purposes. Soil structure 
has major influence these test measurements, and knowledge this 
area needed that will possible prepare and intelligently use the 
test results from laboratory specimens that are truly representative field 
conditions with regard stress-strain well permeability character- 
istics. The metallurgist knows how, through proper manipulations, produce 
metals varying degrees hardness and ductility, and can control these 
factors very closely meet rigid specifications which give the engineer 
the material that best suitedtoaparticular need. neither practical nor 
desirable that the soil technician try reach degree precision con- 
trolling the quality compacted soils that the metallurgist has reached 
controlling metals. However, believed desirable that the soils engineers 
and technicians take greater cognizance the fact that there much room 
for study and advancement the general direction closer control over the 
stress-strain and permeability characteristics compacted soils through 
control conditions and methods the time compaction. given soil 
used constructing certain portion earth dam, desirable that 
this soil placed that has high strain the yield point and can with- 
stand large differential settlements without rupture and also have low 
permeability value. the other hand, this same soil used for highway 
airport construction, small deflections are the controlling factor and high 
permeability desired for best drainage. These are two opposite require- 
ments for the same soil depending the type structure. better 
knowledge the structure compacted soils would permit the most intelli- 
gent use the soil for the particular application. 

The writer was very much interested learn that the authors have inde- 
pendently arrived postulation regarding the particle arrangement and 
mechanics shear for composite soil thathas great deal common with 


Engr. Bituminous and Chemical Section, Flexible Pavement Branch, Soils 
Div., Army Waterways Experiment Station, Vicksburg, 
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postulation which was advanced result studies conducted the 
Soils Division the Waterways Experiment Station35 for composite soils 
that were compacted the wet side the optimum water The 
similarity the postulations mainly restricted that for samples com- 
pacted the wet side the optimum water content. desired point out 
that other postulations were also advanced, the report the studies the 
Waterways Experiment Station, regarding the structure samples com- 
pacted the dry side the optimum water content; also, differences 
structure were recognized for different methods compaction. This earlier 
work referenced here for the benefit those having primary interest 
the studies compacted soil structure because believed very important 
keep mind the need for acomprehensive theory that takes into consider- 
ation the differences structure caused variations water content 


given soil type and the variations due different methods compaction 
well differences due soil type. 


“The California Bearing Ratio Test Applied the Design Flexible Pavements 
for Airports,” Technical Memorandum No, 213-1, Army Engineer Waterways Ex- 
periment Station, CE, Vicksburg, Miss., July, 
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COMPUTER ANALYSIS SLOPE 


Mr. Horn has made interesting contribution the literature the appli- 
cation electronic computers slope stability analysis. 

the writers have been successfully operating acomprehensive program 
for the English Electric DEUCE computer for the last two years may 
use they describe their experience with it. Reference should made 
article the writers for more detailed However, consid- 
erable development has taken place since then, some details which are 
given subsequently. 

The program will analyze slopes dams constructed from any number, 
128, different types soil, the section the dam and the boundaries 
each type soil being specified 256 points and 256 straight 
lines. Each type soil specified the usual terms shear parameters 
and densities, addition pore pressures can specified pore pressure 
ratio the way described Mr. Horn alternatively reference 
piezometric surface. The program will also allowfor external water pressure 
desired. 

The program was devised evaluate the factor safety for each individual 
circular trace, specified terms its center and the depth its hori- 
zontal tangent. The method analysis that has been adopted that given 
Bishop The method used Mr. Horn explicitly ignores the effect 
the internal forces between the slices and for typical case gives values 
the factor safety approximately 10% 15% lower than those given 
Bishop’s method. 

The two methods also differ their definitions the factor safety. 
The factor safety with respect shear strength, that is, the ratio the 
available shear strength the soil that required maintain equilibrium, 
has been used the DEUCE computer program. Unlike the definition adopted 
Mr. Horn, this definition applicable both circular and non-circular 
sliding surfaces. For methods analysis that consider the internal forces, 


the two definitions only give the same numerical value when the factor 
safety unity. 


June, 1960, John Horn, 

Assoc., Messrs, Binnie, Deacon and Gourley, Cons, Engrs., London, England, 

Lecturer, Civ. Eng., Imperial College Science and Technology, London, England, 

Manager, London Computing Service, English Electric Ltd., London, England. 

“The Use Electronic Computer for Slope Stability Analysis,” Little 

Use the Slip Circle the Stability Analysis Slopes,” Bishop, 
Géotechnique, Vol. 1955, 
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any early stage was realized that desirable the computer 
could made find automatically the circle with the lowest factor 
safety. However, with fairly complicated structure well known that 
there may more than one local minimum the values the factor safety. 
Thus, the computer were programmed search for minimum, might 
produce only local minimum value and not the absolute minimum unless 
some preliminary overall survey were made determine the region which 
the lowest value occurred. was felt that this would uneconomical, and 
this conclusion has recently been re-affirmed. With much faster computer, 
such the recently announced English Electric KDF9, there would 
strong argument for automatically searching for the minimum factor safety. 
Indeed, may found possible for the computer modify certain specified 


TABLE 1.—SOIL DATA 


(1) (2) (3) (4) (5) (6) (7) (8) 


Clay 135 450 -1.00 
Clay 135 450 0.52 
Clay 135 450 0.61 
Clay 135 450 0.68 
Random 133 450 0.10 
Free draining 

gravel fill 145 -2.00 
Free draining 

cobbles and rip-rap 145 
Gravel fill 145 
Alluvium 145 -2.00 
Bedrock 
Gravel drain 145 


Filters 


TOTALS 1736 1800 2250 8.524 -4.09 


minor details the design the dam that the minimum factor safety 
would reach some required value. 

date about forty five different sections have been analyzed, chiefly for 
earth dams but including some natural slopes involving 158 computer runs 
jobs and total more than 15,000 “circles.” 

Fig. shows dam section which has been recently analyzed. This illus- 
trates the various features the program. Table pore water pressures 
have been specified for soil types 3,4, 10, 13, and fraction, 
ry, the total pressure the point. For soil types the pore pressure 
latter case, the computer computes the pore water pressure the pressure 
due column water extending the piezometric line from the point 
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the slip surface under consideration. Where the slip surface dips below the 
drawdown level, the pore water pressure computedas excess above this 
drawdown level. For soil types and the pore pressure has been specified 
being zero excess the drawdown level. 

has been found best divide the dam number horizontal levels 
and analyze group circles tangential each level. The computer takes 
about sec analyze one circle for cross section moderate complexity 
and quarter minute for large and complicated one. Work has 
now been started new program based experience gained analyzing 
non-circular traces. The new program will effect some speeding but its 
main value will simplifying the preparation information for presen- 
tation the computer operator. willalsobe possible introduce additional 
complexities such negative pore pressures and seismic forces into the 
analysis. 

has been found that the lowest factor safety the upstream slope 
not necessarily obtained with the drawdown its lowest level. With the exist- 
ing program, has been necessary specify different drawdown levels and 
analyze number circles for each level. When the program re- 
written, will arranged that the computer will automatically examine 
selected groups circles for different (specified) drawdown levels and find 
the most dangerous level. 

Experience has also shown the need provide for “perched” piezometric 
levels. the past has been necessary adopt zoning deal with this 
condition. However, the re-written program will include separate 
piezometric surface for each type soil (if necessary) single analysis. 

Also under consideration the use analyticalformulas for the integrals 
involved the computation, such are used Mr. Horn, instead the 
numerical integration employed the “slices method” which used the 
existing program. For dams very simple geometry the use analytical 
formulas considerably speeds the computation but complicated cases 
there less gain and fact stage complexity can reached when the 
analytical method slower than the numerical integration method. 

One the particular benefits using the computer for analysis the 
large number alternative designs which can examined. the past has 
been possible consider very few different cross sections for earth dams 
and there has been tendency stop the investigation soon one with 
satisfactory factors safety has been obtained and further search for 
more economical design has been made. This willno longer necessary and 
will possible, once design which satisfactory from the safety point 
view has been established, make adjustments obtain more economical 
design. recent job for which the computer has been used, about 
different designs have been Although some differences have 
been slight, the scale the job large, that the cost has been reduced 
some millions pounds. 

further application the program has been the determination set 
stability coefficients allow the ready computation the factor safety 


most simple slopes terms effective stress. expected that these 
results will published shortly.12 


“Stability Coefficients for Earth Slopes,” Bishop and Morgenstern. 
(To appear Géotechnique). 
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FUNDAMENTAL ASPECTS THIXOTROPY 


Discussion Newland and Allely, and Anatol Eremin 


paper the writers (24) describing experiments which showed that 
sensitivity was developed during consolidation clay, and suggests that 
thixotropy may responsible for this behavior. Before accepting this con- 


clusion, the following points extracted from the paper should taken into 
account:— 


The duration increments was, with one exception, less than hr. 

Increments were terminated when primary consolidation was com- 
pleted. 

Shear tests were made the central portion the sample where con- 
solidation was last completed. 

The larger the consolidating pressure used (and consequently the larger 
the associated shear deformation remoulding particle contacts), the 
larger the sensitivity developed. 

Sensitivities 3.9 were developed. 

test not quoted the paper, the sensitivity developed sample 
allowed stand without undergoing consolidation amounted 1.5 days. 


The preceding points considered together suggest that thixotropy, defined 
phenomenon dependent solely lapse time for its manifestation, 
not the agency responsible for the sensitivity developed during consolidation. 
However, the author may dismiss the point classing the clay “rheopectic: 
that is, gentle motion accelerated the thixotropic hardening.” With the possible 
exception point and apart from the fact that normal rheopexy has not 
been observed with this clay, this wouldbe difficult refute without quibbling 
over definitions. But now rheopexy included under the general heading 
thixotropy, any hypothesis advanced explain the mechanism underlying 
the latter must also afford explanation the former. The author his 
hypothesis certainly makes attempt this and difficult see how 
fact could done without considerable special pleading; for example, 
that above certain intensity, remoulding forces tend disperse, whereas 
below this intensity they tend aid flocculation. the writers’ opinion, the 
sensitivity developed during consolidation more akin that developed 
during electro-osmosis where consolidation induced removal water. 

The author’s interpretation the work P.R. Day, quoted “Perhaps 
the most significant datum available thus far relating the fundamentals 


Soil Physicist, Soil Mechanics Lab., Auckland, New 
Soil Physicist, Soil Mechanics Lab., Auckland, New Zealand, 
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thixotropy will now discussed. The writers not have copy this 
report hand the time writing that they are not position check 
the way Day’s measurements were carried out. However, the results 
presented the author may interpreted two ways. Firstly, may 
that the shear strengths the clays increased due thixotropic hardening. 
consequence, their resistance consolidation increased (by virtue 
increase their true cohesion contended the writers) (24) that 
the externally applied pore water tension could increased gradually the 
clays aged without causing any consolidation the clays. this were the 
order things, then the author’s interpretation that the increased tension led 
increase effective stress, whichinturn led increase strength, 
confuses cause with effect. 

the other hand, and this suspected the correct order events 
because the use simple tensiometer mentioned, water tended 
drawn into the sample with the passage time and equilibrium was established 
higher and higher tensions, possibly due increased osmotic pressure 
differences line with factor cited the author under the heading 
“Thixotropy Concentrated Suspensions.” This turn may simply in- 
terpreted increase the net repulsive force between particles with 
time that again contrary the author’s claim, there evidence for 
net increase the effective stress which could contribute any gain 
strength. Furthermore, the gradual increase repulsive force will act 
counter the postulated decrease these forces due removal the ex- 
ternally applied energy remoulding. 

alternative conclusion that the pore water tension arises from 
tendency the pore phase shrink, for example, increase adsorptive 
forces, cited the author factor accompanied increase the 
density the adsorbed phase. Under these conditions, the pore tension may, 
via the air-water interfaces, cause increase the effective stress. How- 
ever, the change density and hence total shrinkage the soil-water mass 
can only extremely small. (Such phenomenon distinct from syneresis 
and follows that, this the only source pore tension, sample the 
hardened clay should not swell and soften when totally immersed water.) 
Thus, taking account the relatively large compressibility the soil, the 
change effective stress would smallandin any case would virtually 
impossible measure the tensions involved since the relatively small flow 
water which would allow the tension decrease zero once and for all 
could not prevented the ordinary methods measuring soil-water 
tension. 

Similar caution also necessary concluding that the changes pore 
water tension during ageing are associated with changes the free energy 
the system. 

The association between flocculation and dispersion suspensions clays 
and indeed other materials and their thixotropic behavior has been ob- 
served Van Olphen and Houwink (33). The writers (34) have 
made similar observations clay which not mineralogically unusual. 
This clay can seen flocculate readily suspension but when treated 
with appropriate amount sodium hydroxide all intents dispersed 
although ultimately flocculates left long enough. paste form, there 
not clear evidence for either flocculation dispersion, but the untreated 
clay possesses measurable thixotropy (develops too rapidly?), whereas 
when treated its thixotropic behavior extremely marked. fact, sensitivities 
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based strengths are deveioped which are greater than 10, that is, much 
greater than anything higherto reported. Such clay offers considerable 
promise material for research into the fundamentals thixotropy. 

The experimental results presented the author are primarily concerned 
with the low water contents associated with compacted clays. Here the dif- 
ferences between aged and remoulded strengths failure are barely signifi- 
cant but differences stresses axial strains rather less than those re- 
quired for failure are taken evidence thixotropic behavior. This change 
rigidity attributed part least spontaneous change from 
“dispersed” “flocculated” state involving change orientation 
particles. This conclusion based not direct observation but inference 
from the results other workers who have presented data purporting 
demonstrate that soils compacted dry optimum possess “flocculated” 
structure whereas the same soils compacted wet optimum possess either 
“flocculated” “dispersed” structure depending the method com- 
paction. (Whether static compaction consideredtobe non-shear strain 
inducing method far particle contacts are concerned open doubt.) 

All the facts could equally well explained postulating that thixotropic 
materials are such that spontaneous time-dependent changes interparticle 
bonds occur which are reversible remoulding. They lead increase 
strength the clay. Insuspensions and pastes where the mobility 
the particles relatively high, the associated forces lead flocculation 
which manifested the fluffy appearance the sediment and the 
emergence clear supernatant liquid after lapse time. There 
necessity suppose, however, that lower water contents there any 
spontaneous orientation the particles although increases interparticle 
bonds leading increased strength rigidity may occur. fact, 
difficult believe that the forces involved are sufficiently large overcome 
the shear resistance the remoulded, let alone the partially hardened, soil 
allow such re-orientation. 
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ANATOL ASCE.—Mr. Mitchell’s statement his con- 


“while thixotropy effect may cause appreciable increase 
strength terms total stresses, they may cause little effect terms 
effective stresses requires some clarification. 


Assoc, Bridge Engr. Bridge Dept., Div. Calif, State Highways, Sacramento, Calif, 
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During construction highway fills and sea walls has been observed 
that thixotropic effect resulted increased stability soil. Therefore, the 
economic advantage considering thixotropic effect obvious. 

Furthermore, Mr. Mitchell stated that the chemical effect thixotropic 
soils minor. That true; inpractice application chemicals connection 
thixotropic effects soil may found not quite economic. However, 
analysis physical and thixotropic properties soils application chemicals 
have important significance. Likewise, observing the graphs Fig. the 
effect thixotropic changes soils quite noticeable. 

interesting note that the thixotropic effect bentonite shown 
graphs Fig. 3(a) similar that shown the silty clay soils 
termed “Beamharnois,” the same Fig. 3(a). 

Possibly, similar effect thixotropy may obtainedin the montmorilonite 
soils. Confirmation this thixotropic effect montmorilonite may found 
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FOUNDATION 


excellent piece applied research the field foundation engineering. 
could comment some the following practical aspects would 
great assistance: 


The proper testing the subgrade medium remains the difficult part 
analyzing and designing foundation that includes dynamic forces. This 
aspect made particularly difficult the medium being non-linear. 
these circumstances (unless were possible determine analytically the 
non-linear parameters) important that the test the material should 
the same stress level would occur the prototype situation. 

This might achieved vibration testing although the reservations must 
retained that the full depth the strata probably not being tested by, 
effect, the model, and questionable whether technique that measures 
the propagation Rayleigh waves suitable for prototype whose behavior 
most significantly affected the propagation compression waves. 
addition, seismic methods generally (except for some ofthe later work close- 
the blasts the Nevada and Eniwetok Proving Grounds) measure ve- 
locities low levels stress and consequently not give appropriate 
information for the prototype foundation. 

For these reasons the writer feels that static load test more likely 
the practical method obtaining the appropriate information. small 
test still has the limitation not testing the full depth the subgrade; how- 
ever, possible vary the elevation these tests quite easily. Recent 
work (16) and (37) (which indicates that cycling stress increment around 
the working stress level can produce modulus deformation very close 
that obtained dynamic methods) suggests that would worth trying 
static testing methods again program pointed towards predicting 
natural frequencies and amplitude magnifications. Does the author think that 
these problems are likely solved this type static testing? 

Under the heading “Use the Theoretical Procedures,” the author 
states that the magnification effects resonance during starting and stopping 
are examined, The computations are based correlations established for 
steady-state conditions. the starting and stopping the machinery were 
slow rate would reasonable use the steady-state relations; 
however, normal circumstances would this apply? Possibly some guidance 
could suggested maximum rate change frequency for which 
these relations would apply. 


August, 1960, Richart, Jr. 
Coates, Ltd., Cons, Ottawa, Ont., Canada. 
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Does the author believe that these correlations dimensionless 
parameters could used for transient impact cases—such drop 
hammers? Theoretically the natural frequency vibration the system 
the principal parameter determined. Then the rise time, duration, and 
forth the blow, known, permits the dynamic load factor com- 
puted. However, some work Barkan (38) indicated that foundation system 
could have different natural frequency under vibrating conditions than under 
impact conditions. This might possibly just have been due the non-linear 
nature the subgrade and the different stress levels involved the different 
tests. 
Has the author considered establishing the empirical correlations with 
rather than For the two most important cases—vertical oscillation and 
rocking can considered the material property directly 
involved with such factors only influencing the answer slightly. 
Furthermore, some tests such triaxial and plate-load tests 
E/(1 are more easily determined than and Fig. few trial 
computations indicate that the frequency factor used instead the 
curves for and 0.25 would practically collapse onto one line and the 
curve for 0.5 would within 10% this combined curve. appreciated 
that final answer this question would probably require more paper work 
the part the author, however, any comments would interest. 
Under “Example should “Fig. 10” read “Fig. 9”? 
Under “Example should not the radius gyration rectangular 
prism for axis through center line the base 1/3 a2), that 
1/12 plus the transfer factor (h/2)2? 


conclusion the writer would like re-emphasize his high regard for 
the author’s present and past work. 


ADDITIONAL BIBLIOGRAPHY 


16. “Dynamic Triaxial Tests Sand,” Shannon, Yamane, and 
Dietrich, Proceedings, 1st Pan American Conf. Soil Mech. and 
Foundation Engrg., Mexico City, Mexico, September, 1959. 


37. “Effect Consolidation Pressure Elastic and Strength Properties 
Clay,” Wilson and Dietrich, ASCE Research Conference Shear 
Strength Cohesive Soils, 1960. 
38. “SoilMechanics, Foundations and Earth Structures,” Tschebotarioff, 
McGraw-Hill Book Co., Inc., New York, N.Y., 1951, 585. 
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PILE DRIVING ANALYSIS THE WAVE 


Discussion Soderberg and Marvin Gates 


lyzing pile driving that goes far beyond “pile driving formula.” offers 
rational approach for studying many the subtleties piles that have been 
treated empirically the past. 

great deal numerical manipulation required attain solution, 
any Simplification these procedures will help make the method more use- 
ful. treating the problem one finite differences, significant simplifi- 
cations can attained with loss accuracy. 

Mr. Smith can treat tapered pile with large variety end conditions. 
His basic assumption essentially one dimensional wave propagation where 
small variations the pile cross sectional area are permitted. The partial 
differential equation describing this 


which represents the cross sectional area the pile point the 
displacement the pile point the total skin friction acting ele- 
ment dx, and the mass density the pile. 


This notation Mr. Smith’s with the exception that 


the cross sectional area the pile constant Eq. exactly Eq. with 
the constants that determine factored out. the areas vary, these two equa- 
tions become slightly different approximations. The value constant for 


Research Engr., Raymond International New York, 

“Theory Elasticity,” Timoshenko and Goodier, McGraw-Hill Book Co., Inc. 

New York, 1951, 439. 
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any given problem and the numerical work greatly simplified com- 
puted only once during the problem and not each step. 

The approach proposed here reason directly from Eq. 31. This 
apply the end conditions this equation means displacements and 
changes indisplacement (strains) and thus manipulate only one basic relation- 
ship instead the author’s five (Eqs. through 8). 

The use this single relationship best illustrated working the au- 


thor’s example given Fig. 12. 


TABLE 


Time 


EQ. 34. 


Displacements .001 in/per time unit 1/4000 sec. 


With the values given for and the value for .18. the main 
body the pile has constant cross section and has skin friction Eq. 
becomes Eq. shown Table for the main portion the pile. 


not immediately obvious that this relationship holds for the first pile 
section, W3, Mr. Smith uses the spring constant for full section pile be- 
tween the pile cap, W2, and the first pile section, which the approximation 
implied Eq. 33. 

boundary, such the pile tip, there imaginary point outside the 
boundary whose displacement appears This imaginary displacement 
can computed from the known strain the boundary. This strain known 
through the force the boundary and Young’s Modulus for steel, the 
tip this pile, for displacements less than .10 in., the imaginary point, 


will replaced 
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Eq. and the point resistance the pile included the pre- 
ceding relationship. 

this case the point the pile has added weight 100 lb. This situ- 
ation can handled variety ways. One would increase the cross 
sectional area the last section compensate for this weight. Mr. Smith 
chose change the mass the last section without changing its length 
area. This equivalent changing the density for this section, terms 
Eq. 31, .15 for this section. With these considerations the re- 
lationship becomes Eq. for the tip section. 


The hammer and pile cap sections could easily approximated elastic 
sections length The capblock forces would then entered the bound- 
aries strain explained for the pile tip. However, Mr. Smith preferred 
consider these sections rigid bodies and the displacement relationships are 
easily obtained from the rules for capblock forces and motion that has in- 


dicated. Eq. and Eq. are valid for capblock compression and are again 
shown Table 


and 


The first intervals Mr. Smith’s illustrative problem are shown 
Table This computation treats only displacements and the initial condi- 
tions must entered such. time all displacements are and time 
all displacements are still the exception The hammer 
has moved distance equal its initial velocity times one time interval. 
Next, the relationships Eq. through Eq. are used working from left 
right one time interval step. 

The numerical work essentially weighted averaging process. one 
seen from Table the points Fig. are produced accurately witha 
slide rule. 

The relationships developed here are for capblock compression and point 
displacement in. For capblock restitution and displacements ex- 
cess .10 in. new relationships for the hammer, pile cap, and pile tip must 
used. 

These simplifications Mr. Smith’s basic method have been used suc- 
cessfully both hand computations and smallscale digital computer and 


MARVIN GATEs, ASCE.—The application pile driving the wave 
equation, developed almost one hundred years ago St. Venant!! and later 
Boussinesq,!2 proposed Mr. Smithinthis paper well several 


Engr. and Counsel, Macari Bros. Const. Co., Windsor, 
Journal Liouville, Tome XII, 1867, 237. 

Application des Potentiels, 1885, pp. 
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others his writings.13,14,15,16 Mr. Smith deserving the Society’s 

appreciation for his untiring efforts acquaint the profession with tool 

which, though little used now, may become the ultimate rationale the area 

pile driving analysis. 

first proposed the application pile driving the wave 
Cummings 194019 and again 194129 reported the works the afore- 
mentioned investigators but made little contribution his own the further- 
ence either the theory its pile driving. Ten years elapsed 

when the wave equation was once again proposed the profession Mr. 
and ever since has continued untiringly update his writings. 
However, all Mr. Smith’s efforts, implies that the wave equation 
can used solve for the bearing capacity well the driving stresses. 

This sweeping application was objected this writer well others,21 

Mr. Smith subsequently replied these objections.22,23 Recently24 Mr. 
Smith announced the publication this paper and improvement his 


earlier article. the same time, specific reference was again made 
bearing capacity. 


important note that the investigators preceding Mr. Smith unani- 
mously cautioned against the use the wave equation means deter- 
mining bearing capacity. Rather, all concurred that its application should 


restricted finding the driving stresses piles. Some investigators went 
far limit its application certain types piles under particular 
conditions driving. view these facts, suggested that Mr. Smith 
make definitive statement concerning the limits application his presen- 
tation. This necessary the haze precipitated certain apparently 
conflicting statements concerning the use this method. Mr. Smith’s quali- 
fication his previous references bearing capacity, mentioning this 
paper soils which may either relax set-upis clarification all. Because 
again, implication, the wave equation will give the true bearing capacity 
for piles driven soils which return their natural state after, remain 
unchanged during the pile driving operation. 

There are many objections the use dynamic formula general and 
the wave equation particular, determine the bearing capacity piles. 
sufficient here, avoid repetition, cite several authorities sub- 
stantiation this statement.25 important treatise this subject26 the 


Fundamentals Electronic Calculations, IBM, 1950, pp. 
and Longitudinal Wave Transmission,” Transactions ASME, August, 1955. 
“The Wave Equation Applied Pile Driving,” Raymond Conc, Pile 
“What Happens When Hammer Hits Pile,” ENR, September 1957, pp. 46-48. 
Journal, Institution Australian Engineers, Vol. 1931, 305, 
“An Investigation the Stresses Reinforced Concrete Piles During Driving,” 
Glanville, Grime, Fox, and Davies, Building Research Techni- 
cal Paper No. 20, London, England, 
Journal, Boston Society Civil Engineers, 
Proceedings, ASCE, 1941, 
Engineering News Record, December 19, 1957, pp. 6-7. 


Engineering News Record, April 24, 1958, pp. 8-12. 
Engineering News Record, June 19, 1958, pp. 10-14. 


Engineering News Record, September 22, 1960, 


Soil Mechanics Series No. 17, 348, Harvard University, Cambridge, 
1941 1942, 


Pile Foundations and Pile Structures, ASCE Manual No, 27. 
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DISC USSION 


question the application bearing capacity dynamic type formulas 
deftly summed follows: 


true that some the (dynamic) formulas times give results ap- 
proximately correct. This because they empirically apply certain piles 
and conditions driving. 


The principal objection the use any dynamic formula is, course, the 
attempt instantaneous (about 0.02 sec) kinetic load long term 
static load. the other hand, static formulas lack general applicability 
account the wealth data relating the physical properties the soil 
which required. 

However, empirical equations are frequently employed when the number 
variables and their are not all known, lists 
several empirical pile driving formulas. More recently, this discusser pro- 
posed empirical relationship28 based limited statistical investigation 
piles loaded failure. Although containing but two simple parameters, this 
relationship gives more consistently accurate results than the most complex 
dynamic formula yet advanced. For piles driven with Vulcan hammer 


this formula is: 


which the ultimate bearing capacity tons and the customary set 
per blow for the last in. twenty blows, inches. safety factor from 
two three recommended. 

The application statistical practice pile driving has been inexcusably 
neglected. concerted effort this direction can yield reliable pile bearing 
formula, based the wealth data already hand, within six 

The use the wave equation solve for driving stresses most certainly 
deserves serious consideration. result Mr. Smith’s intimate acquaint- 
ance with this subject has devised most ingenous analogy; the weights 
and springs concept. This expedient will simplify for many, who might 
otherwise have remained unaware, the principals the wave equation. The 
use electronic computors facilitate the mathematical work natural 
consequence; and indeed virtually necessity. regrettable, however, 
that Mr. Smith has not yet compared his theoretical results with those ob- 
tained other investigators from field tests. This suggestion was made 
previously29 and the source valuable field data,30 obtained affixing 
strain gauges driven piles was cited. One the many interesting results 
reported the last cited reference the small increase stress the 
head and sharp decrease stress the tip, with increased pile penetration 
and driving resistance. This should serve signal caution those who 
would apply the wave equation without further investigation. 

The application fundamental mathematical theory practice fre- 
quently negated because the necessity make least partially invalid 


Foundations,” Chellis, McGraw-Hill Book Co., Inc., New York, 
1951. 

Empirical Formula for Predicting Pile Bearing Capacity, Civil Engineering, 
March, 1957, pp. 65-66. 

Letter Mr. Smith, May, 

Proceedings, American Railway Engineering Association, September, 1950, 
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assumptions and over-simplifications. This bane evident some degree 
Mr. Smith’s paper. According Cummings,!9 the application the wave 
equation pile driving assumes that: 


The sides the pile are free and that there side friction which 
would affect the stress waves running and down the pile. 
Stress waves the hammer may neglected. 
There are flexural vibrations the pile. 
The pile behaves linearly elastic rod. 


The hammer strikes directly the head the pile and that the sur- 
faces contact are two ideally smooth parallel planes. 


The lower end the pile fixed. 
addition these assumptions, the theory does not include the effect 
dissipation energy due propagation losses the pile. 
Cummings’ further comments should studied before any attempt made 
apply the wave equation; albeit his paper, too, certain concepts are not 
clearly explained. One generalization, based Cummings’ analysis bears re- 


peating here. The six foregoing assumptions allleadto conservative answers. 
That is, the computed driving stresses are greater than occur. This 
fact has been substantiated investigators the field. Therefore, any at- 
tempt correlate these computed stresses capacity will, naturally, 
yield unsafe results. 
Looking now the problem solved Mr. Smith, find that for the 
conditions specified, Vulcan hammer driving 12BP53 count five 
blows the inch, pile penetrationof 100 ft, develops ground resistance 
driving, the tip, 200,000 lb. Substituting the set, 0.2 in., Eq. 
yields value 164,000 lb. Considering that Mr. Smith’s answer too great 
for the reasons outlined previously, the likelihood that Eq. de- 
pendable Mr. Smith’s method. 
The compressive forces are shown increasing rapidly towards the tip 
the pile. This conclusion diametrically opposed the results obtained 
from the field tests previously cited.30 This same paper also concludes that: 


The measured driving stresses the top the steel piles increased 
with increase pile penetration, and attained maximum value equal 
times the static weight the hammer ram with 3-ft stroke. 
Only about per cent the driving stress measured the top the 
single friction steel pile was observed the point the pile. 

Only about third the total driving stress measured the top the 

110-ft steel pile driven through feet silt and silt clay into sand was 
observed the pile point. 


these conclusions and observations are correct, then the maximum stress 

which will obtain with Vulcan hammer between 100,000 and 170,000 lb. 

The higher value about 60% the head value and 40% the point value re- 

ported Mr. Smith. The other two conclusions have already been discussed. 
There are other questionable aspects Mr. Smith’s method; most notable 
being the need preassign not only the factor but also the penetration 
which this value occurs. The ability accurately predict what Mr. Smith 
implicitly takes for granted, would, itself, major breakthrough the 
field driving analysis. 
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The ultimate solution this problem field, the laboratory the 
foundation engineer. theory, however rigorous mathematically, can satis- 
factorily explain the pile driving phenomenon, unless modified reflect 
the heterogenous nature each pile driving operation. 

Mr. Smith should enlist the aid others, necessary, verify experi- 
mentally his theoretical conclusions and modify them accordingly. The fact 
that has been slow detracts only from the immediate application 
his efforts. must still commended for laying important building 
block the theoretical area foundation 
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The technical papers published in the past year are identified by number below. Technical-division 
sponsorship is indicated by an abbreviation at the end of each Paper Number, the symbols referring to: Air 
Transport City (CP), Construction (CO), Engineering Mechanics (EM), Highway 
draulics (HY), and Drainage (IR), Pipeline (PL), Power (PO), Sanitary Engineering (SA), Soil 
Mechanics and Foundations (SM), Structural (ST), Surveying and Mapping (SU), and Waterways and Harbors 
(WW), divisions. Papers sponsored by the Department of Conditions of Practice are identified by the sym- 
bols (PP). For titles and order coupons, refer the appropriate issue “Civil Beginning 
with Volume 82 (January 1956) papers were published in Journals of the various Technical Divisions. To 
locate papers in the Journals, the symbols after the peper number are followed by a numeral designating 
the issue ot a particular Journal in which the paper appeared. For example, Paper 2270 is identified as 


which indicates that the paper contained the ninth issue theJournal the Structural 
Division during 1959. 


VOLUME (1959) 


DECEMBER: 2272(CP2), 2274(HW4), 2275(HW4), 2276(HW4), 2277(HW4), 2278 
2279(HW4), 2280(HW4), 2281(IR4), 2285(PO6), 2287 
(PO6), 2290(PO6), 2292(SM6), 2294(SM6), 2295(SM6), 2296 
(SM6), 2297(WW4), 2298(WW4), 2299(WW4), 2301(WW4), 2302(WW4), 2303(WW4), 
2314(ST10), 2317(HY12), 2318(WW4), 2320(SM6), 2321(ST10), 2322 
(CP2). 


VOLUME (1960) 


FEBRUARY: 2355(CO1), 2359(CO1), 2360(CO1), 2361(PO1), 
2363(ST2), 2364(HY2), 2365(SU1), 2367(SU1), 2368(SM1), 2370(SU1), 2371(HY2), 
2372(PO1), 2373(SM1), 2374(HY2), 2376(HY2), 2378(SU1), 2379(SU1), 
2382(ST2), 2383(SU1), 2384(ST2), 2386(SU1), 2387(SU1), 2388(SU1), 2389(SM1), 

2405(IR1), 2407(SA2), 2408(SA2), 2410(ST3), 2411 
(SA2), 2412(HW1), 2413(WW1), 2414(WW1), 2415(HY3), 2416(HW1), 2417(HW3), 
2422(WW1), 2423(WW1), 2424(SA2), 2425(SA2)°, 2426(HY3)°, 2427(ST3)°. 

APRIL: 2428(ST4), 2429(HY4), 2431(SM2), 2433(ST4), 2436 
(ST4), 2437(ST4), 2438(HY4), 2439(EM2), 2440(EM2), 2441(ST4), 2443(HY4), 2444(ST4), 2445 
(EM2), 2446(ST4), 2447(EM2), 2448(SM2), 2449(HY4), 2450(ST4), 2451(HY4), 2452(HY4), 2454 

MAY: 2460(AT1), 2463(AT1), 2466(AT1), 2467(AT1), 2468(SA3), 
2471(SA3), 2472(SA3), 2474(SA3), 2476(SA3), 2478 
(HY5), 2479(SA3), 2481(SA3), 2482(CO2), 2483(CO2), 2487 

JUNE: 2494(IR2), 2496(ST6), 2499(EM3), 2500(EM3), 2501(SM3), 2502 
(EM3), 2504(WW2), 2505(EM3), 2507(WW2), 2508(PO3), 2509(ST6), 2511 
(EM3), 2512(ST6), 2513(HW2), 2514(HY6), 2515(PO3), 2518(WW2), 2520 
(PO3), 2522(SM3), 2523(ST6), 2524(HY6), 2525(HY6), 2526(HY6), 2529 

2550(SU2), 2552(ST7), 2553(SU2), 2556(SA4), 2558(SA4), 

2622(EM5), 2625(SM5), 2626(SM5), 2629(sT10), 

NOVEMBER: 2638(ST11), 2639(CO3), 2641(SA6), 2642(WW4), 2643(ST11), 
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DIVISION ACTIVITIES 
SOIL MECHANICS AND FOUNDATIONS DIVISION 


Proceedings the American Society Civil Engineers 


NEWS 


December, 1960 


NEWS RESEARCH ACTIVITIES 
FROM THE BUREAU RECLAMATION 


1960 Edition the Earth Manual 


The Bureau Reclamation has published new 1960 Edition its Earth 
Manual, successor the 1951 Edition. The new edition provides current 
technical information relating field and laboratory investigations soils 
used foundations materials for dams, canals, and many other types 
structures built Reclamation projects the United States. More than 6,000 
copies the 1951 edition have been distributed worldwide. The new edition 
has been completely revised and published with attractive bound cover, 
inches inches size. Copies the publication may obtained from 
the Superintendent Documents, Government Printing Office, Washing- 
ton 25, C., the Bureau Reclamation, Denver Federal Center, Denver, 
Colorado, Attention 841. The price $3.75 postpaid. 


Undisturbed Sampling In-place vane Shear Tests 


recent field exploration program, undisturbed samples were taken 
the soil which had been subjected the vane shear test. This permitted 
rare opportunity examine the shear surfaces cut the vanes, The vane 
test performed inserting 4-bladed vane into the soil and measuring the 
torque necessary cut cylindrical surfaces (Test Designation E-20, USBR 
Earth Manual 1960). Figure shows the cylindrical sheared surface observed 
one the samples. The interesting features this observation are that 
the cylindrical failure surface forms relatively thin line and the soil the 
quarters formed the vanes appears undisturbed, giving confidence the 
mathematical theory for computing the shearing resistance the 


Effect Negative Pore Pressures Unsaturated Soils 


The effect negative pore pressures unsaturated soils being studied 
extensively the Earth Laboratory. The initial results this study were 
reported the Bureau’s paper (for the ASCE Research Conference Shear 


1960-46 Part the copyrighted Journal the Soil Mechanics and 
Foundations Division, Proceedings the American Society Civil Engineers, Vol. 86, 


Copyright 1960 the American Society Civil Engineers. 
1960-46--1 
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Strength Cohesive Soils), entitled “Shear Strength Cohesive Much 
useful information has been gained from this program and the research 
being continued. 


Continuing Research Gravelly Soils 


The Earth Laboratory’s research program gravelly soils being con- 
tinued and the most recent report paper accepted for the Fifth Interna- 

tional Conference Soil Mechanics and Foundation Engineering Paris, 

Shear Characteristics Clayey Gravel Soils.” 


Revised Relative Density Test for Soils 


The Denver Earth Laboratory the Bureau Reclamation one the 
participants cooperative research program being conducted the Amer- 
ican Society for Testing Materials for the development standard relative 
density test procedure for cohesionless free-draining soils. The program in- 
volves the development both maximum density and minimum density 
test The Bureau’s research has resulted the development 
tentative procedure which has been adopted alternate the Bureau 
Reclamation’s standard test, Designation E-12. The alternate procedure in- 
volves the use electromagnetic table-type vibrator, minutes vibra- 
0.1- 0.5-cubic-foot container, psi guided dead-weight surcharge, 
method measuring the thickness the compacted soil specimen and the 
use ovendry saturated The equipment was designed for use with 
soils containing maximum particle size inches. complete set 
equipment for the maximum and minimum density test shown Figure 


NEW DELHI CONFERENCE BEARING CAPACITY SOILS 


Under the joint auspices the Central Building Research Institute, Roorkee 
and the National Buildings Organization, New Delhi, two sister organizations 

the Government India for the promotion research and dissemination 
knowledge Buildings, Symposium Load Bearing Capacity Soils 
will held New Delhi the 23rd and 24th January About 
thirty papers are expected discussed, and besides Indian research work- 
ers, papers are being contributed workers Japan, France, U.S.A., Israel 
and U.K. proposed publish the papers and circulate them the dele- 
gates advance. The discussion will published separate volume after 
the symposium, Further particulars may obtained from Dinesh Mohan, 
Deputy Director and Head, Soil Engineering Division, Central Building Re- 
search Institute, Roorkee, 


hd 


This paper will published part the final proceedings the conference. 
Chief, Earth Laboratory Branch, Bureau Reclamation, Denver, 
Civil Engineer (Soil Mechanics), Earth Laboratory Branch, Bureau Reclamation, 
Denver, 
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Side Cylindrical Sheared 


the Vanes 


Bottom Cylindrical Sheared Surface 


FIG. 1.—AN UNDISTURBED SOIL SAMPLE REMOVED FROM THE SITE 
VANE SHEAR TEST 


TERZAGHI MEMORIAL VOLUME 


the annual meeting the Society held Boston October, Dr. Karl 
Terzaghi was presented copy From Theory Practice Soil Mechanics 
his distinguished student and long-time friend, Arthur Casagrande. The 
presentation was made during the Soil Mechanics and Foundation Division 
meetings which included number excellent papers both these and other 
men, 

The book contains selections from the writings Dr. Terzaghi, with bib- 
liography and contributions his life and achievements, prepared 
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the last century civil engineer has exerted much influence his 
profession Dr. Terzaghi, who established and developed this new branch 
engineering 
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TORY TABLE THE RIGHT. 2-PSI SURCHARGE WEIGHT EXHI- 
BITED THE FRONT LEFT CORNER THE VIBRATORY TABLE. 


For the first time one volume, account given this man’s life 
and his method working. The representative selection papers, which are 
English for the most part, includes those that established the science 
soil mechanics, selection his professional reports that indicate his meth- 
ods dealing with specific jobs and complete bibliography his works. 

The collection contains papers that were previously hard find the 
literature and others that have been translated for this book. They provide 
special insight into how Dr. Terzaghi approached and solved foundation, land- 
slide, tunneling, and earth dam problems. 
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UNITED STATES NATIONAL COMMITTEE FOR THE INTERNATIONAL 
SOCIETY SOIL MECHANICS AND FOUNDATION ENGINEERING 


The following statutes regarding the United States National Commitee 
for the International Society Soil Mechanics and Foundation Engineering 
adopted August 31, 1960 have been received from Mr. John Lowe, Secretary 
the Committee. They are presented acquaint division members with 
this organization and its function: 


Article Name, Sponsorship and Headquarters 


The name the Society the “United States National Committee for 
the International Society Soil Mechanics and Foundation Engineering,” here- 
inafter called the United States National 

Sponsorship. The United States National Committee Adminis- 
trative Committee the Soil Mechanics and Foundations Division the 
American Society Civil Engineers. 

Headquarters. The headquarters the National Committee shall 
that the American Society Civil Engineers. The mailing address 
however, shall the mailing address the Secretary the United States 
National Committee (375 Park Avenue (Room 900), New York 22, New York). 


Article Purpose 


The purpose the United States National Committee represent the 
United States America the International Society Soil Mechanics and 
Foundation Engineering and foster international cooperation among engi- 
neers and scientists the field soil mechanics and foundation engineering. 
Specific activities the National Committee include: 


Designating delegate and alternative delegate represent the 
National Committee the Executive Committee the International Society. 

Cooperating the holding periodic International Conferences both 
world-wide and regional, 

Appointing members act international committees. 

Publicizing international conferences Soil Mechanics and Foundation 
Engineering. 


Reviewing and selecting papers for presentation international con- 


Article Membership 


The membership the United States National Committee shall include 
those members the Soil Mechanics and Foundations Division the Amer- 
ican Society Civil Engineers who are residents citizens the United 
States America and who indicate their desire listed the roster 
the United States Committee. 

The membership the United States National Committee shall include 
those members the Soil Mechanics and Foundations Division the ASCE 
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who are not residents the U.S.A. and who are not represented national 
society the International Society Soil Mechanics and Foundation Engi- 
neering and whose application approved the Secretary the United 
States National Committee. 


Article IV. Executive Committee 


The management the United States National Committee shall vest- 
executive committee consisting five members. Four the mem- 
bers shall the four members the Executive Committee Soil Mechanics 
and Foundations Division the ASCE. These four members are appointed 
the ASCE Committee Division Activities accordance with the ASCE Con- 
stitution, Bylaws and Rules Policy and Procedure. Each member hold 
office for four years, with one member retiring annually the close the 
annual ASCE meeting, which time the newly appointed member takes office. 
The fifth member shall secretary the committee, elected the four 
above mentioned members. The term office the secretary shall one 
year; but there shall limit the number consecutive terms sec- 
retary may elected serve. 

The officers the executive committee are chairman, vice-chair- 
man and secretary. The chairman and vice-chairman the Executive 
Committee the Soil Mechanics and Foundations Division shall serve also 
the chairman and vice-chairman the Executive Committee the United 
States National Committee. The secretary shall elected described 
Article IV-1. 

Meetings the Executive Committee shall held the call the 
chairman any three members the committee. Three members the 
Executive Committee shall constitute quorum. When voting required 
particular question and circumstances not permit the calling meet- 
ing, the membership the Executive Committee may polled letter bal- 
lot. Voting all cases shall decided simple majority. 


Article Dues and Finances 


Dues. There are membership contributions addition the yearly 
ASCE dues. 

Finances. Each year the National Committee shall prepare es- 
timate its expenses for the coming year and submit the Soil Mechanics 
and Foundations Division for inclusion the Division’s budget request. Nei- 
ther the National Committee nor any its subcommittees shall incur 


any financial obligations chargeable the ASCE unless specifically authorized 
the 


Article VI. International Society Obligations 


Annually, date fixed the Executive Committee the International 
Society, the Secretary the United States National Committee shall transmit 
the Secretary the International Society the following: 


The amount the National Society’s contribution set forth the 
Executive Committee the International Society. 

Copies the statutes the United States National Committee they 
have been modified during the current year. 

The current list the membership the United States National Com- 
mittee, their occupations and addresses. 
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Article VII. Committees 


required the International Society, the National Committee 
shall appoint members represent the National Committee commit- 
tees the International Society. Appcintment these representatives shall 
the Executive Committee the National Committee. Members 
appointed international committees shall make annual reports the 
National Committee and shall submit their budget for any anticipated expen- 
ses the National Committee for inclusion its budget. 

Committees for review papers for International Conferences shall 
appointed required. Alternatively, review papers may accom- 
plished the Publications Committee the Soil Mechanics and Foundations 
Division. either case, final approval papers shall the Executive 
Committee with due consideration the recommendations the Review 
Committee. 


Article Amendments Present Statutes 


The statutes the United States National Committee may amended only 
the Executive Committee the United States National Committee. 


DEFINITION TERMS AND SYMBOLS RELATING SOIL MECHANICS 


1947, the Committee Glossary Terms and Definitions Soil Me- 
chanics was formed under the chairmanship Fadum, for the purpose 
preparing up-to-date glossary. During the same year, Subcommittee 
G-3 Nomenclature and Definitions ASTM Committee D-18 was formed 
for similar purpose under the chairmanship Abdun-Nur, and later 
Foster. was realized that joint action these two groups would 
desirable. This was achieved through the membership the Subcommittee 
G-3 chairman the ASCE Committee. 

After numerous meetings and considerable personal work the part the 
members, the committees completed glossary acceptable both. The re- 
sults their work has been published both societies, “Definition Terms 
and Symbols Relating Soil Mechanics” (Designation D-653-58T) was adop- 
ted Tentative Standard the ASTM 1958 and Standard 1960, 
and has been published Part the ASTM Standards, 1948. The “Glos- 
sary Terms and Definitions Soil Mechanics” was published ASCE 
Proceedings, Paper 1826, Journal the Soil Mechanics and Foundations 
Division, October 

The compilation papers for the ASCE Shear Conference revealed lack 
uniformity definitions and symbols used the This tends 
make the review and reading the papers difficult. Authors papers are 
urged use the Definitions Terms and Symbols adopted the joint action 
the ASTM and ASCE groups much possible. 

planned that these groups will continue their efforts this field 
periodically review and revise the glossary keep pace with future devel- 
opments. Comments the glossary are solicited and members should feel 
free express their ideas this subject. The committee Definitions and 
Standards the ASCE, Soil Mechanics and Foundations Division, now under 
the Chairmanship Gerald Leonards. Sub-committee G-3 ASTM, Com- 
mittee D-18, now under the Chairmanship Ahlvin. 
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coordinate the work these two committees, the Boards Direction 
the two Societies authorized (June 1960) the formation joint ASCE- 
ASTM Committee Glossary Terms and Definitions Soil Mechanics. 
The joint committee consists the members ASCE’s Committee Defi- 
nitions and Standards and Sub-committee G-3 ASTM’s Committee 


NEWS FROM THE ILLINOIS SECTION 


The Soil Mechanics and Foundations Division the Section, ASCE 
featured Mr. Vern McClurg, Senior Partner McClurg, Shoemaker, McClurg; 
Mr. Normal Scott, Executive Secretary, Prestressed Concrete Institute; and 
Mr. Eugene Guillard, Research Engineer the Armour Research Foundation 
who discussed the results load tests timber, prestressed concrete and 
steel H-piles respectively. Their talks were followed with discussion per- 
iod during which the “whys” the results were probed. This meeting pro- 
vided excellent opportunity compare the various pile types and study 
their advantages. 

The October meeting featured Mr. Robbins, Supervising Engineer, 
Paving Bureau, Portland Cement Association who spoke “Treating Soils 
Materials with Portland Cement.” Mr. Robbins reviewed the design pro- 
cedures used for soil cement, explaining the cement content required for ade- 
quate stabilization varies primarily with soil type and affected very little 
the other variables. His talk was illustrated with slides which showed the 
developments soil cement construction from mule teams the modern 
one-pass paver which capable laying 3.5 miles roadway per day. 


FEBRUARY NEWSLETTER 


Deadline date for arrival this office contributions for the February 
Newsletter: December 23, please. 


Bernard Gordon, Assistant Editor 
Porter, Urquhart, McCreary, and O’Brien 
1140 Howard Street 

San Francisco California 


Wilbur Haas, Assistant Editor 
Michigan College Mining and Technology 
Houghton, Michigan 


Schmertmann, Assistant Editor 
College Engineering 

University Florida 

Gainesville, Florida 


Alfred Ackenhell, Editor 
University Pittsburgh 
Civil Engineering Department 
Pittsburgh 13, Pennsylvania 
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ASCE SYMPOSIUM ROCKFILL DAMS 


the meeting the ASCE Board Direction, Reno June 1960, 
was arranged that the complete Symposium Rockfill Dams some eight 
hundred pages published one bound volume ASCE TRANSACTIONS, 
1960, 125, Part (Symposium Rockfill Dams). 

The volume will include all ASCE literature the subject rockfill dams 
from October 1954 October 1960. will consist papers and dis- 
cussions and discussion following each paper. This special 
volume 1960 ASCE TRANSACTIONS will provide comprehensive, up-to- 
date and convenient reference volume rockfill dams. 

ASCE TRANSACTIONS, 1960, Vol. 125, Part (Symposium Rockfill 
Dams) will available January 1961 and will priced $12, making 
available ASCE members with the usual 50% discount. 

reserve copy, please write Executive Secretary, ASCE, West 
39th Street, New York 18, New York, with advance payment. This will assure 
you copy the earliest possible date. For your convenience, advance 
order form provided herewith. 

The Symposium has been planned assemble design, construction and per- 
formance data most the world’s higher rockfill The presentation 
settlement data has been emphasized and detailed data many high dams 
has been made available for the first time the papers and discussions. 

For purposes the Symposium, rockfill dam was defined one that 
relies rock, either dumped compacted layers, major structural 
element. Included are rockfill dams the types with (1) impervious face 
membranes, (2) sloping earth cores, (3) thin central cores, and (4) thick 
central cores. Some the notable dams covered the Symposium and 
the above types are: (1) Dix River, Salt Springs, Montgomery, 
San Gabriel, Lower Bear River, Paradela, Wishon, Courtright, Pinzanes, 
Nozori, and Ishibuchi; (2) Natahala, Kenney, Brownlee, Bersimis, Dalles 
Closure, Trangslet, Miboro, Hirfanli, Queens Creek, Cedar Cliss, Bear Creek 
and Furnas; (3) Makio, Derbendi Khan, Kajakai, Mud Mountain, Goschener, 
Messaure and Cougar; and (4) Nottely, Watauga, South Holston and Cherry. 

Rockfill dams are being increasingly adopted throughout the world and are 
being constructed ever-increasing heights. This Symposium will certainly 
contribute toward improved, more economic and higher rockfill dams all 


Executive Secretary 

American Society Civil Engineers 
West 39th Street 

New York 18, New York. 


Please send copy(s) ASCE TRANSACTIONS, Volume 125 (1960) 
membership grade is.... List price: $12.00 


Print Name 


Address 


Zone 
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COMBINED INDEX ASCE PUBLICATIONS 


For complete coverage the Society’s 1959 year print, there 
Combined Index covering the Division Journals, Transactions, and Civil Engi- 
neering. Also included are reprints the Proceedings Abstracts that are 
published each month Civil Engineering. The price the Combined Index 
(ASCE publication 1960-10) $2.00 with the usual 50% discount members. 
The coupon herewith will make ordering easy: 


American Society Civil Engineers 
West 39th Street 
New York 18, New York 
Please send ASCE 1960-10. Enclosed remittance 
ese = = 


NEW DIRECTORY AVAILABLE MEMBERS 


The 1960 Directory now available members request. The Direc- 
tory lists the entire membership the Society, giving the membership grade, 
position, and mailing address each. addition, there complete listing 
the Honorary Members, past and present, and the Life Members. useful 
geographical listing the members also included. 

goes without saying that the information contained the Directory 
value every member, and every member can obtain this valuable informa- 
tion. receive your free copy the Directory simply fill out the coupon 
below. Prompt delivery depends prompt return the 

The Society publishes the membership Directory every other year. The 


next edition will issued 1962. 
DIRECTORY 1960 
ASCE members are entitled receive, free charge, the 1960 ASCE Di- 
rectory. obtain the directory simply clip this coupon and mail to: Ameri- 
can Society Civil Engineers, West 39th Street, New York 18, N.Y. 
Please make the mailing label legible--correct delivery depends you, 
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